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GARY DUKARICH, CA Bar No. 188561
E-Mail: gsd@cph.com
JOEL A. » CA Bar No. 186544

E-Mail: #k@‘),?h.com ‘
CHRISTIE, PARKER & HALE, LLP
3501 Jamboree Road :

North Tower, Suite 6000

Newport Beach, CA 92660-2960
Telephone: (949) 4760757

Facsimile: (949) 476-8640

Attorneys for Plaintiff
T-SYSTEMS INTERNATIONAL, INC.

T-SYSTEMS INTERNATIONAL, INC,,
Plaintiff,
Vs,

CHAPIN WATERMATICS, INC., a
New York corporation, and WILLIAM
CHAPIN, an individual.

Defendants,

Systéms”) alleges as follows:

JURISDICTION.

28 U.S.C. Section 1338(a), (b).

FIRST AMENDED COMPLAINT FOR INJUNCTION
AND DAMAGES (PATENT INFRINGEMENT)
.1-

v

~.For its first amended complaint, Plaintiff T-Systems International, Inc. (“T-

ORIGINAL

UNITED STATES DISTRICT COURT
SOUTHERN DISTRICT OF CALIFORNIA

BY FAX
Case No. 05-CV-02300 DMS(AJB)

FIRST AMENDED COMPLAINT
FOR INJUNCTION AND
DAMAGES (PATENT
INFRINGEMENT)

DEMAND FOR JURY TRIAL
Hon. Dana M. Sabraw

1. This is an action for patent infringement in violation of 35 U.S.C.

Section 271. This Court has jurisdiction pursuant to 15 U.S.C. Section 1121 and

2. Venue is proper under 28 U.S.C. Sections 1391(b), (c) and 1400(b).
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PARTIES.

| 3. Plamtiff T-Systems is a corporation organized and existing under the
laws of the State of California, having a principal place of business at 7545
Carroll Road, San Diego, California 92121.

4,  Plantiff is informed and believes, and thereon alleges that Dcfendant
Chai)in Watermatics, Inc. is a corporation organized and existing under the laws
of the State of New York, having a principal place of business at 740 Water
Street, Watertown, New York 13601.

4, Plaintiff is informed and believes, and thereon alleges that Defendant

William Chapin is the president of Chapin Watermatics, Inc.

FACTUAL BACKGROUND.

5. T-Systems is a manufacturer and distributor of irrigation Hose.

6.  On July 19, 1994, an application was filed with the United States
Patent and Trademark Office (“PTO”) to obtain a patent on a drip irrigation hose
and method and apparatus for its manufacture. The application was filed in the
name of inventors Michael DeFrank, David Marchetti and David L. Teegardin
and Subsequently assigned to T-Systems. U.S. Patent Number 5,522,551 (the
“¢551 Patent”), entitled “Drip Irrigation Hose and Method for its Manufacture,”
issucd on that application on June 4, 1996. A copy of the ‘551 Patent is attached
hereto as Exhibit A. T-Systems has owned all right, title and interest in the ‘351
Patent since the date of its issuance.

7. On May 20, 1996, an application was filed with the United States

FIRST AMENDED COMPLAINT FOR INJUNCTION
AND DAMAGES (PATENT INFRINGEMENT)
2.
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Patent and Trademark Office ("PTO") to obtain a patent on a drip irrigation hose
and method and apparatus for its manufacture. The application was filed in the
name of inventors Michael DeFrank, David Marchetti and David L. Teegardin
and subsequently assigned to T-Systems. U.S. Patent Number 5,634,595 (the
“‘595 Patent”), entitled "Drip hrrigation Hose and Method for its Manufacture,”
issued on that application on June 3, 1997. A copy of the ‘595 Patent is attached
hereto as Exhibit B. The ‘595 Patent is a direct continuation of the application
that ..led to the ‘551 Patent and is thus entitled to priority from the filing date of
that prior application, July 19, 1994. T-Systems has owned all right, title and
interest in the ‘595 Patent since the date of its issuance.

8. On May 2, 1997, an application was filed with the United States
Pateﬁt and Trademark Office ("PTQ") to obtain a patent on a drip irrigation hose
and method and apparatus for its manufacture. The application was filed in the
name of inventors Michael DeFrank, David Marchetti and David L. Teegardin
and 'lsubsequently assigned to T-Systems. U.S. Patent Number 5,865,377 (the
“377 Patent”), entitled "Drip Irrigation Hose and Method for its Manufacture,”
issued on that application on February 2, 1999. A copy of the ‘377 Patent is
attached hereto as Exhibit C. The ‘377 Patent is an indirect continuation of the
application that led to the ‘551 Patent and is thus entitled to priority from the
filing date of that prior application, July 19, 1994. T-Systems has owned all nght,
title and interest in the ‘377 Patent since the date of its issuaﬁce.

9. On August 4, 1998, an application was filed with the United States

Patent and Trademark Office ("PTO") to obtain a patent on a method and

FIRST AMENDED COMPLAINT FOR INJUNCTION
AND DAMAGES (PATENT INFRINGEMENT)
23
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apparatus for making a drip irrigation hose. The application was filed in the name
of inventors Michael DeFrank, David Marchetti and David L. Teegardin and
subsequently assigned to T-Systems. U.S. Patent Number 6,464,816 (the ““816
Patent”), entitled "Method and Apparatus for Making a Drip Irrigation Hose,”
issued on that application on October 15, 2002. A copy of the ‘816 Patent is
attached hereto as Exhibit D. The ‘816 Patent is an indirect continuation of the
application that led to the ‘551 Patent and is thus entitled to priority frorh the -
ﬁling date of that prior application, July 19, 1994. T-Systems has owned all right,
title iand interest in the ‘816 Patent since the date of its issuance.

10.  On July 11, 2002, an application was filed with the United States
Patent and Trademark Office ("PTO") to obtain a patent on a method for making
a dnp 1mgation hose. The application was filed in the name of inventors Michael
Dchank, David Marchetti and David L. Teegardin and subsequently assigned to
T-Systems. U.S. Patent Number 6,936,126 (the “*126 Patent”), entitled "Method
of Manufacture of a Drip Irrigation Hose,” issued on that application on August
30, 2005. A copy of the ‘126 Patent is attached hereto as Exhibit E, The ‘126
Patent is an indirect continuation of the application that led to the ‘351 Patent and
is thus entitled to priority from that filing date of that prior application, July 19,
1994. T-Systems has owned all right, title and interest in the ‘126 Patent since the
date of its issuance.

11. Defendant Chapin Watermatics, Inc. has imported or made and
offered for sale and sold, and continues to import or make and to offer for sale

and sell, drip irrigation hose (the “Chapin Hose™) covered by one or more claims

FIRST AMENDED COMPLAINT FOR INJUNCTION
AND DAMAGES (PATENT INFRINGEMENT)
-4
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of 'the ‘551 Patent, ‘595 Patent, and ‘337 Patent, without the consent or
authorization of T-Systems.

12, T-Systems is informed and believes, and thereon alleges that
Defendant Chapin Watermatics, Inc., in the course of ;nanufacmﬁng the Chapin
Hos}e, has practiced methods and processes, and continues to practice methods
and processes, covered by one or more claims of the ‘551 Patent, ‘595 Patent,
‘816 Patent, and “126 Patent, without the consent or authorization of T-Systems.

- 13, T-Systems is informed and believes, and thereon alleges that
Defgndant Chapin Watermatics, Inc., in the course of manufacturing the Chapin
Hose, has imported or made and hﬁs used an apparatus covered by one or more
claims of the ‘551 Patent, ‘595 Patent, and ‘816 Patent, without the consent or
authorization of T-Systems.

14.  T-Systems is informed and believes, and thereon alleges that all the
aforementioned acts of Defendant Chapin Watermatics, Inc., were undertaken at
the express direction of Defendant William Chapin, who acted with willful malice

toward, and wanton disregard of, T-Systems’ patent rights.

FIRST CLAIM FOR RELIEF

Patent Infringement

'15. T-Systems hereby repeats and realleges paragraphs 1 through 14
hereinabove as though fully set forth herein.

16. Defendants, by .themselves or in concert with others, have imported,

made, used, sold or offered to sell, and continue to import, make, use, sell or offer

FIRST AMENDED COMPLAINT EOR INJUNCTION
AND DAMAGES (PATENT INFRINGEMENT)
.5.
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to sell, in this district and elsewhere in the United States, drip irrigation hose that
infringes the ‘551 Patent, ‘595 Patent, and ‘337 Patent.

17.  T-Systems is informed and believes, and thereon alleges that
Defendants, by themselves or in concert with others, have imported, made, used,
solci or offered to sell, and continue to import, make, use, sell or offer to sell, in
this :district and elsewhere in the United States, drip irrigation hose manufactured
through the use of methods and processes that infringe the ‘551 Patent, ‘595
Patent, ‘816 Patent, and ‘126 Patent. |

- 18.  T-Systems is informed and believes, and thereon alleges that
Defendants, by themselves or in concert with others, have importéd, made, or
used, and continue to import, make, or use, within the United States, a drip
irrigation hose manufacturing apparatus that infringes the ‘SS1 Patent, ‘595
Patent, and ‘816 Patent.

19, The aforesaid acts of Defendants are without right, license, or
authqrization from T-Systems.

'20. By its aforesaid acts, Defendants have violated 35 U.S.C. Section
271 by its infringement of the ‘551 Patent, ‘595 Patent, ‘337 Patent, ‘816 Patent,
and ‘126 Patent (collectively, the *“T-Systems Patents”).

21, T-Systems is informed and believes, and thereon alleges that the acts
of infringement by Defendants will continue unless enjoined by this Court.

-
it
i

FIRST AMENDED COMPLAINT FOR INJUNCTION
AND DAMAGES (PATENT INFRINGEMENT)
‘ -6-
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22, T-Systems 1s being damaged by Defendants’ infringement of the T-
Systems Patents and is being and will continue to be irreparably damaged unless
the infringement is enjoined by this Court.

23. . T-Systems is informed and believes, and thereon alleges that
Defendants have had actual notice of the éxistence of the T-Systems Patents, and
despite such notice have continued to engage in acts of infringement.

| 24, T-Systems is informed and believes, and thereon alleges that
Defendants’ infringement of the T-Systems Patents is and has been willful and T-
Systems is entitled to enhanced damages against Defendants.

25, This is an exceptional case and T-Systems is entitled to an award of

its attorneys’ fees pursuant to 35 U.S.C. Section 285. |

- WHEREFORE, Plaintiff T-Systems demands judgment against Defendants

as follows: |
| 1. For a preliminary and permanent injunction prohibiting Defendants
from further infringing the T-Systems Pafcnts;

.2, For patent infringement damages in an amount not less than a
reasonable royalty pursuant to 35 U.S.C. Section 284, and for these damages to be
trebled;

3. For prejudgment interest on all infringement damages;

4.  For costs of this Action, including attorneys’ fees; aﬁd
i |
i

{ FIRST AMENDED COMPLAINT FOR INJUNCTION

AND DAMAGES (PATENT INFRINGEMENT)
-7
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1 . 5. For such other or further relief as the Court may deem just and

proper.

DATED: January 20, 2006 Respectfully submitted,
CHRISTIE, PARKER & HALE, LLP

oy Sy DA

Gary D#karich
Joe[ A, Kauth
Attorneys for Plaintiff
- T-SYSTEMS INTERNATIONAL, INC.
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DEMAND FOR JURY TRIAL

Plaintiff T-Systemns International, Inc. hereby demands, puréuant to Federal

Rule of Civil Procedure 38(b), a trial by jury of all issues so triable.

DATED: January 20, 2006 Respectfully submitted,
CHRISTIE, PARKER & HALE, LLP

N A

Gary Dwiiarich
Joe[ A, Kauth
Attorneys for Plaintiff
T-SYSTEMS INTERNATIONAL, INC.

RAK IRV1092013.3-*01/20/06 9:39 AM

FIRST AMENDED COMPLAINT FOR INJUNCTION
AND DAMAGES (PATENT INFRINGEMENT)
| 9.
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US005522551A

United States Patent (g (11] Patent Number: 5,522,551
DeFrank et al. 451 Date of Patent: Jun. 4, 1996
[54] DRIP IRRIGATION HOSE AND METHOD 4642152 21937 CHEpin oo i 156203
FOR 1S MANUFACTURE 4850947 71989 Brownet sl v 156292 X
. ASKATI 11991 ADDO s DI/SA2 X
: , . 5123984 61992 Allpontetal e 2397542 X
[75] lnventom: Michael D'e;::l:gemmla, Dl;:h ST 121904 T — )
of San Diego, &l of Calif, Primary Examiner—Andres Kaghnikow
Attorney, Agent, or Firm—Chistie, Parker & Hale
[73] Assignes: T-Systems International, Inc, San
Disgo, Calt, (57 ABSTRACT
A drip trrigation hose of the contimiouy emitter type in
{31) Appt No.: 279813 which the outlets fram the regulating passage esch compriss
! & single longitudinal slit. By confrolling the tength of ths
(22) Filed  Jul 15, 1934 . lits nd the fexibility of the film, water drips from the
Related U.S. AvpEication Dats outlets when the hoss s pressurized without clogging when

the bose is depressurized. The alits are sufficlzntly long and

 the film is sufficiently flexible o the water drips from the

{63) Comtnumon-ta-gers of Sex No. 61382 May 26, 1998 ety when the hoss i prosturized. Ths st ars uficicatly

short and the film it safficien) 50 ths outlets closs

(51] Int CL® e ~. BOSB 15/00; B29C 53/48 mmplemywhmmemudegsgﬁmnmm

{52] US. CL e 239/542; 156203; 1567252, {ng whee] has a knife blads an its periphery, A hacking whee)

156/466; 156/513; 239/533.13  eqgages the outlet forming wheel to establish a fint nip

(58] Field of Search ... 23907, 5331,  thershetween. The backing wheel hes on its pexiphery a
.239/533.13, 531.13, 342, 562, 566, 568,  circumferenttal slot Into which the knife blade fitx st the fimp .

602, DIG, 12; 136/201, 202, 203, 252,  nip. A rib forming wheed hus ground ity perfphery impres-

(465,466,513 gions that defie 8 desired treck paltem for the tiba. The

cutlet forming wheed and the rib forming wheel are mounted

I References Clted an 2 commen shaft to operate in synchronism, A contimuous
sirip of plastic flm is directed in 2 path that reverses
U.8. PATENT DOCUMENTS 3 four times 10 tate 1) heels.
4247051 171981 Allport RO <! ¥
4548360 1071985 Delmer @t ol covuiisimnnna 235/542 4 Clajms, 4 Drawing Sheets

- | Exbibit._&
| | Page: 0 .
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Sheet 1 of 4

Jun. 4, 1996
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U.S. Patent Jum. 4,199  Sheet2af4 5,522,551

Exhibit: __A__
s

Page: _Z_
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U.S. -Pateht Jun. 4, 1996 Sheet 4 of 4 5,522,551
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5,522,551

' 1
DRIP IRRIGATION HOSE AND METHOD
FOR ITS MANUFACTURE

' CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a unnﬁnﬁaﬁnn—in—pm of spplication
Ser. No. 08/067,382, filed May 26, 1993, now abandoned,
BACKGROUND OF THE INVENTION

This invention refates o drip hrigation aud, more par-
ticularly, to a diip imigation hose with an improved outlet
constroction and a method for ita mmmfacture;

Drip imigation hose can be clussified into two types—
thoss having discrete emitters and those having continnous,

. By controlling the length of the ality and the flexibility of the

imtegral emiters. An example of a drip imigation bose -

having discretc emitrers is shown in U.S. Prt. No. 4,850,531,
An example of a drip Imigation bose having contlnuous,
integral emitters Is shown {n U.S, Pat No. 4,247,051 A ddp
irrigation hose having continuoys integral emitters offers the
possibility of lower cost and exte of manofacture and
inntaliation,

The design <f the inlets 10 and outlets from the emitiers is
critical. If th « Jective ontlet erea of the emitters is too large,
dirt and debiris can collect externally in the outlets, therehy
cauzing extemal clogging. If the effective inlst and cutler
areas of the cxitiers ere too small, they become clogped
internally anc. icese to serve their purpose. Parther, if the
effective outlz! ureas of the emitters are oo small, water
squists aitt af :u:e hose instead of dripping, and soi! erosion
results.

USS. Pat. Ke. 4,247,05) discloses a drip irrigation hoge
formed by b .Jngnmppluﬂcﬂlmalongitalmglhm
form an o~ .- pping | seam between opposing

. longitudin.. .. .rgins of the film. First and second longit-

dinally extr:cing, laterally spaced, transverss ribs interoon-
moct the oyosing margios aloag their length to seal the
overlapple. ..._gitudingl seam. The rihe are formed by one
Wmm:nul..".:pludcmemmmcﬁlm.Ml
result, a fcw .o gulating paswage is defined by the ribs rod
the opposing 1: argins and a supply passage is defined by the
remainder ¢: ...t film. Water fows from the supply passsge

to the flow ::, :lating passage through a plurality of longj-
tudinally s " inlets, Water Sows from the flow regulating
pamage v & axterior of the hose through & plurality of
longitudiz . :paced outlets longitudirally spaced from the

fespective ;i to provide & substential path length from

each inle: & reapective outlet. In one embodiment, the
outletx ey . - mprise two paralled alits that form between
them a fir . = flap. The fap serves ms an cutlet valve,
opening wnit .. vsing aa the hose is preswurized and depres-
gurized. Ho  cer, unless the plastic fitm is very thick and
figid, the £ do not close consistently when the' bose is
depresme o 2 thetefore, the outlets can become clogged
by woll ¢ 1 suto the shits,

Aprst cspouniered in the mamfrchure of coationoas
cmitter ¢+ ..igation hoss is coordinating the position of
the out’, - the tack pattern of the ribs. If care is oot
taken, 1 . pattern of the ribs may overiap the gutiets,
and therr Luc the cutlets to be on the high presture side
of :he fly +. ulating passages,

. :AMARY OF THE INVENTION

Oae f the invention is a drip irrigation hose of the

cor.iie rltter type in which the outlets from the

ety

. 1gc each comprise a single longhudinal lit.

2

44

53

L]

2

filim, water drips from tho cutlets when the hoss is pressur-
t2ed without clogging when the hose is depressusrized, The
slies are sufficlently long and the film is i floxible
g0 the water drips from the ontlets when the bose ia
pressutized. The slits are sufficiently short and the film {1
sufficiendy rigid so the outlets cloee completdywhmthn
hose b depreasarized,

Another aspect of the lnvention is a method for making a
drip imrigation hose having longitndinal single slit culets
and/or inlets. A first outlet andfor inlet forming wheel has
ane or more knife hlades on its periphery. A second backing
wheel engages the firgt whee! to exteblith a first nip ther-

chetween, The backing whee] has on its pesiphery & circum- -

fercntial alot into which the knife blads fita at the firet nip,
A thind rib forming whee! has around its periphery impres-
aions that define a desited track pattem for the riba, A second
aip is establizhed with & third wheel in which the desired
track pattemn is formed. The first and second wheals are
mounted on a common ghafl to operate in synchromism, A
continnaus strip of plastic film is directed in the following

path in the order recited. The film is wrapped sroond the -

second whee) to reverse direction and pass into the frst nip,
thereby forming the outlet alits. The direction of the film is
reversad leaving the first nip to transport the film towand the
first wheel. The film is eround a prtion of the
periphery of the first whee! spaced lateraily from the kmife
blade to reverse direction. The direction of the film is
revened to transport the filmy toward the thind wheel, The
film i transported under an extruder to deposit & bead of
molten plastic on the film before the third wheel. The film is
transported into the second nip 1o form the desired track in

the molten plastic. After the film leaves the third wheel, the

hose is finished, The described method forma the inlet sl

end the track pattern in 8 coordinated fashion. As a result, the

outlets ere not restricted or phugged by the riba,

BRIEF DESCRIPTION OF THE DRAWINGS

The features of ypecific embodiments of the best mode
contemplated of carrylng cut the invention are fllustrated in
the drawinge, in which:

FIG. 1 Is a schematic block diagram of the method for
making a drip irrigetion boge of the contimous emitter type;

FIG. 2in a schematie view of a portion of the film path for
makh:gadripi:ﬂnﬁuuhminmdmwﬂhthﬁhm

FIG 3is a schematie view of » portion of the film path in
an alterpative embodiment o the @im path of FIG. 2;

FIG. 4 1s a side partially cotaway view of a length of drip
irrigasion hose incorporstipg the principals of the invention;
and .

FIG. § is o schemntic diagram of apparetus for completing
the mumufacture of a drdp irdgetion hote in accondance with
the invention.

DETAILED DESCRIFTION OF THE SPECIFIC
EMBODIMENT

The disclosures of U.S. Pat Noa. 4,247,051, 4,984,738

and 5,123,984 are incorporated fully herein by reference. -

The drip {rrigation hose of the invention iy mado from a
contintous strip of flexible, water impervious plastic film,
generlly ranging in thickness between 4 and 15 mil. As
depicted by block 10 in FIG. 1, outlets and/or inlets are
formed in the strip of film along oos margin, As dexcribed

Exhibit:
Page:
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5,522,551

3

o moreit. i iclow, each outlet and/er inlet comprites &
sioglelob . .ol slitin the film, Next, as deplcted by block
12,two = . plastic beads mage of material compatihle
with the.. . : deposited by an extruder on the margin of
the films . - .7 side of the outlet slits, Next, as depicted by
block 14,. 1=k pattern of the riba is formed in the molten
beads by » it -ming wheel, The track patiern is repeated

F i)

28

each ticer o b forming wheel completes a revolution. As
depizied &y iL cX 16, after the riby are formed, the marging
of the fiiz.  ~ .verlapped to position between them the track
patizrn, || as depicted by block 18, the overlapping
me. ... . .zd by the still molten ribs to form the
fn. oo « described ateps, except for formation of
the ... r inlets, are ghown in more detadl in the
fel vt ~alent Altematively, either the intets or the
UL Ay .- formed ay interruptions in one of the ribs.
Fodod ates the path of a continuous strip of film 3§
frow. w» © _ drip irrigation hose {s made between the
for «. . - outlets andfor inlets (block 10) end the
foo o track patter (block 14), An outlet forming
whk .. b formiog whes] 23 are mounted on &
o i ! 10 synchronize their operation. Wheels 20
ar. ‘umne diameter, A backing wheel 26 engages
icel 20 to establish a nip 28 therebetween,

. is mounted on the periphery of wheel 20,

+ circumferental slot 32 into which knife

uip 28, Direction changing wheels 34 and 36

o

of the §im path, Wheels 20, 22, 26, 34, snd

.12 gulde flm 38 Jaterally during the many-
WL

sround its periphery, impressious 66 (FIG.

' + desited track pattern, for example, one of

- : is shown in the "051 pateot or In the "739

. .0n of movement of film 38 is depicted by

+. 2. Film 38 is wrapped around wheel 26

-1 and pass into nip 28, As o result, a alit

-+ 38 ench time blade 30 passes into rip 28,

t each time wheel 20 completes one revolu-

‘g wheel 26, film 38 is wrapped arownd

12¢ direction and return toward wheel 20,

. ed eround a portion of the periphery of

laterally from knife biade 30, to reverse

sving whezl 20, film 38 is wrapped around

sc direction and move towerd wheel 22,

- Dbe canted alightly to provide a smooth

w2 path between wheels 20 and 22, end the

+  slightdy between wheels 36 and 22. As

, bictween wheels 36 and 22, film 38 passcs

+ which deposit one or morte malten plastic

wugin of film 38. A backing whee! &4

.2 to form a nip throngh which Slm 38

malten beads. Since wheels 20 and 22 are

1non shaft, the formation of the outlets end

: coordinated and their relative positioning

lil. After leaving wheel 22, film 38 1

t . uner illustreted in FIG, $ Specifically, the

\.  rg oargin of film 38 is folded by a guide

w anernal overdapping margin of film 38. As

 arlupped film 38 passes through the nip of

«d ahacking wheel 72. Rorm wheel 70 has

.presses the beads formed by extruders 61

:ht at a specified value that dstermines the

sc. In o typical embodiment, the diameter

12 would be sbomt fram 3 to 6 inches, the

6 would be about 4 inches, the diamsters

: 36 would be aboat 4 inches, and the

Lo wheels 22 end 36 would be about 24
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If the inlets also comprise slits another kmife biads ia
mounted on the periphery of wheel 20 laterally spaced from
kmife biade 30 and wheel 26 has another circumaferentiat slot
1aterally spaced from slot 32 into which the other knife blade
fits. The inlews 23 well 23 the outlets are formed as the
respective knife blades pass into nip 28.

FIG, Jillustratea an altemative filo path arramgement that
permits wheels 20 and 3 to have differcat diameters so that
mmmgﬁngmmmgw&hmmeﬂm
leagth, which produces a okip in the outlet guration.
Wheel 20 and 2 toothed whezl 50 zre mounted on a shaft 52,
Wheel 22 and & toothed wheel 54 are mounted on o shaft 56,

A toothed belt 58 couples wheels 50 and 54 to synchronize

the rotation of wheels 20 and 22 in a ratio to cause the
desired skip in the outlet spacing relative to the track pattem.
length. I zhort toothed wheels 50 and 54 and toothed belt
58 replace shaft 24 i1 the embodiment of FIG. 2, The
dizmeters of wheels 20, 22, 50, and 54 ere selected 5o the
angular velocity of wheel 22 is & muttiple of the augular
velocity of wheel 20, depending upan the desired outles siip.
Az a result, the same rib forming whee! 22 can be wed to
produce a variety of outlet apacings, ie., akipped outlet
configurations,

In FIG. 4, the completed drp lrrigation hose i thown
Strip 38 is bent alang its length to form an overlapping
langituding] seam between an interior margin and an exte-
rior meargin of the strip. Spaced apart, tramaverss ribs 41 and
43 extend longimdinally through the team to connect the
mzrgine of strip 38, forming a scal and & fow regulsting
passage 44 therehetween. A water supply passage 45, having
a mmuch Larger cross-section area then flow regulating pas-
aage 44 fs defined by the remeinder of strip 38. Longitedi-
naily spaced spert alits 46 in the portion of strip 38 between
supply passage 45 and flow regulating passage 44 serve as
inlets to flow regulating passage 44 Lomgitndinally spaced
apart slits 47, formed in the exterior margin of strip 38, serve
as outlets from the hose. Slits 47 are displaced from the
respective lits 46 to provide a subsential path length from
each inlet to a rezpective outlet, Preferay, cross ribe 48 ere
employed 1o divide the flow regulating passage imto seg-
ments, such that alit 46 is &t one end of the segment and &
slit 47 ia mt the other end of 2 segment. Altematively, the
inlets could be formed by interruptions in rib 42 s ilhus-
trated in FIGS. 5 and 6 of the "051 patent end as illustratad
in the “739 patent. The ehape of ribs 42, 43 and 43 are
determined by the track pattem o wheel 22 (FIG. 3).
Prefershly, chevrons are formed om the adiscent interior
surfaces of ribs 42 and 43 to ereate trbulent flow in the fow
regulating passage &3 {llngrated in the *739 patent

By controlling the leogth of the slits and the Bexibility of
the film, water drips from the outleta when the hose s
pressurized without clogging when the hose is depressur-
ized. Typically, the line preasure of the water used for crop
irrigation rangea from sbout 4 piig to 14 prig. Slts 47 are
sufficlently long and sirip 38 is sufciently 8cxibls s0 the
water drips from ths outlets whon the hose is pressurized,
rather then squirting, The effective ares of the outlets
remains amall because the material on both sides of the slits
temain in the same plane, rather then ackling. If the sHts 2ro
too short or the strip is too rigid, the material on either side

"of the slits does not move sufficiently 1o make a largs hole

when the boss is pressurized and water squirts out the hose
and erodss the soil, Slits 47 ere sufficlentiy short and strip 38
is sfficienty rigid so the cutlets close completely when the
hose i3 depressurized. If the alits are toa Jong or the strip is
too Sexible, the wlits do pot close when the bose is depres-
surized, Typically, the alits are about ' inch for-a 4 mil film
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thickn. s & 1 afits are gbout % inch for a 15 mil flm a common shaft on which the first and third wheels are
thickzer:, © s, & the alits are much shorter than shout 4 mounted to operate in synchronixm;
ioch{: +v . ..u thickness or if the film {s much thicker first guiding means for wrapping » contimious aiglp of
than & . + :..r aslitlength of about 3 inch, the water plastic flm around the second wheel 10 reverse direc-
,mays . ' . o oullets. Similady, if the lits are much 3 tion and pass into the first nipy;
long:: . i inch for 8 15 mil film thickness or if the second guiding means for reveming direction of the film
fim . -t than about 15 mil for a alit length of leaving the first oip to transport the film towsrd the first
gbotr b autlets may oot close after the hose is wheel;
deprs third guiding means for wrapping the fllm sround 2 -
Th. oo ubodiment of the invention is cnly con- 19 portion of periphery of the first wheel spaced lateraily
sidie - - ared and illustretive of the inventive frot the kmife blade to reverse direction;
cou: ¥ the invention ia not 10 be reatricted w Fourth guiding mears for reversing direction of tha Rmto
FeC.. ‘ Vdmgm and quugusl&lhu armange- transport the film toward the third wheel,
me- wed by one skilled in the ert without mmeans for depoalti
dey pisit and scope of this fnvestion, 13 bcmt::n e fourt m“m?fﬁf“ ﬂ%’&?&m
¥ 1
. ) fith guiding means for transporting the film into the
1 = hose comprising: : jesired : Iten
8 e strp of plastic flm bent along fts M‘“”; e fomm the wack i the
+ 2 Jogped longitudinal acam DAWSED 1oy for ninhing the bows aie the vztp of flm leaves
tudinal marging of the film; ho third wheel,
f - .ngitdinally extending transverse ribs 4, A method for making drip irfigation boes with & first
mmlnnomhip interconnecting the port forming wheel having a knife blade on its periphary, 8 -
----- 4 along their length to seal the OVET- Lo g barking wheel engaging the port forming wheel €0
wlimg| acam, thereby forming & 80 . poaniish & st ip therebetween, the backing wheel having
' r:yc defined by the ribs aod a waler oy paohery o circumferential alot into which the knife
,-.ucﬁnedatleanhlpmbytbemmndﬂ blede fits at the first nip, god & tind rib forming wheel
, . having around its peripbery impressions that defino & desired
2 ) .dinally spaced inlet ports to the oW prack patiem, the method comprising the stepa oft
-germmthemwpplrwa 30 establishing with the third wheel a nip in which the
a ',.'.udim_nydi:pMu;ntletpfuﬁvmdm desired track pattemn i formed; .
gussage displaced from the respective diret and camman shaft to
vide & mubateuial path length from mm‘“ﬁ“‘fm‘g"w'm
++ u respective outlet par, ag  dinecting acoatiuous etrip of plastic flm in the following
e "SUE
 tze st u y long
onty Sexlble 10 ths water dripy from  "72PPicg the Flio sound the aoton wm
#hen the hoss s pressurized, the alit catlet skits: pas P
.- shart and the strip being sufficiently
t closes completely when the hose fy 40 revemsing direction of the film leaving the fire oip to
tremsport the film toward the first wheel;
1 sim 1, in which the inlet porta mre also wrapping the film around a portion of peripbery of the fimt
dlit whezl spaced laterally from e knife blade to roverse

) vking drip irrigation hose comprising: direction;
' 4 port forming whee) having 3 mife **  reversing direction of the fllm to transpart the Al toward
r hery; the third wheel;

.. wheel engaging the outlet forming
* ia a first nip therehetween, the backing
= Ity periphery a circurnferential slot

transporting the film under s extrixder ta deposit 2 besd
of moltzn plastic on the flm before the third wheel; snd
the film into the second nip to form the

cife biade fts a1 the it mips B ™ gesireq mack in the mohien plaatc; nd

3. :xwhedlnunsmundmpmphm ﬁnllhmgmchoscnnuxh:mpofﬂ]mleamnnthkd ‘
! define 8 desired track paftem; wheel.

0 . ‘ng with the third wheel a second nip

: of track patiern is formed; I
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. frer claim 4, insert claima 5 and 6 as follows:.
-~ 5. The hose of claim 1, in which the slit
in the strip that comprises each outlet port . is
formed by a knife blade. -- .
-~ 6. The hose of claim.2, in which the slits
that. comprige the inlet ports and the cutlet . .
ports are both formed by a knife blade., --
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5N ABSTRACT

A drip irrigetion hose of tho continuous emitter type in
which the outlets from the regulating passage each compeise
a tingle longitudinal slit, By controlling the length of the
slits and the flexibility of the fitm, water drips from the
outlets when the hose is pressurized without clogging when
the hoss [s depresnumized. The slits are sufficiently long and
the film is qufficiently flexible 50 the water drips from the
outlets when the hose i¢ pressmrized. The slits are sufficlently
short and the film is sufficiently rigld so the cutlets doso
comapletely when the hose is depresyorized. An owtdet foom.
ing wheed has a knife tiade on itz periphery. A backing wheel
engages the ontlet farming wheel to establich a first nip”
therebetween, The backing wheel has on its periphery a
cireamferential dlot into which the kmife biade fits at the first
nip. A rib forming wheel has around its

sions that define a desired track pattern for the ribs. The
outlet forming wheel and the ¢fb forming wheel sre mounted
o6 a common shaft to operate in synchrogism, A continnons
strip of plastie film is directed in 2 path that reverses
direction four imes to accommmodats these wheels,

11 Claims, 3 Drawing Sheets

-Exhibit:__é__

Page: _’_GL_



1/20/06 Page 23 of 60

Case 3:05-cv-02300-DMS -AJB Document 4 Filed O

3,634,595

Sheet 1 of 3

Jun, 3, 1997

US. Patent

S/

SA/IOTVEY ] AL SVF & SLTT7L0
7VIFS o710 we o LISOITT waos
’ a’/ 3/ 2’ o’

s

Fxhibit: _ﬁ_

20

Page:




Case 3:05-cv-023008MS -AJB Document 4 Filed 01/20/06 Page 24 of 60

U.S. Patent

Jon. 3, 1997

Sheet 2 of 3

5,634,595

Exhibin __é_

Page: ..é!._.




Case 3:05-cv-02300.-DMS -AJB Document 4 Filed 0%0/06 Page 25 of 60

5,634,595

Sheet 3 of 3

Jun. 3, 1997

U.S. Patent

Exh.ibi.!: L
22

Puge:




Case 3:05-cv-02300-DMS -AJB Document 4 Filed 01/20/06 Page 26 of 60

5,634,595

1

DRIP IRRIGATION HOSE AND METHGD
FOR ITS MANUFACTURE

CROSS-REFERENCE TO RELATED
AFFLICATION

This {s & continuation of application Sc. No. 08/279,813
filed Jul. 19, 19, now U.S. Pxt. No. 5,522,551

BACKGROUND OF THE INVENTION

This inveation relates to drip Irigation and, more
particalasly, to a deip irrigation bose with an fmproved outlet
coastruction atd & method for its manufactere,

Drip irrigation hose can be classified into two typss—
bose having discrets emitters and hose having coatinnous,
integral emuitters. An cxample of & drip krigation hoso
baving discrete emiiters is shown in U.S, Pat. No. 4,850,531
An exampls of a drip imigation hose continoous, integral
emitfers is shown in U.S. Pat. No. 4,247,051 Drip iigation
hose having contionous integral emitters affers the possibil-
ity of lower cost and ease of manufacture and instaltstion,

‘The dealgn of the Inlets to end ogtlets from the emitters is
critical, I iho effective cutlet ares of the emitters {8 200 large,
dirt and debris can coflect extemnally in ths octlets, tharehy
canzing extemal clogging, ¥ the effective inlet and outlet
arcay of the  emilters are too mmall, they becoms clogged
Internally and cesae to sefve their purpose. Puxther, if the
cifective outlet aress of the emitters are to0 emall, water
sqirts out of the hoes fnstead of dripping, snd soll erodon
results,

U.S. Pat. No. 4,247,051 discioaes a deip immigation hose
focmed by bending o strip plastic film along #s length to
foom an overlapping longitodina) seam between opponing
longitudina]l margins of the fitm. Pirst and sscond longitn-
dipally extending, Interally spaced, tranuverse ribs intercon-
nect the opposing marging slong their length to scal the

seam. The ribe are formed by one
or mare molten plastic beads extrded onto the flm, As a
result, a flow regniating passage is defined by the dbs and
the opposing margins and a supply passage Is defined by the

remsinder of the film. Water Aowy from the sipply passage 4

to the flow regulating passage through a plorafity of longl-
tudinalty spaced inlets, Water flows from the Sow regulsting
passage to Ge extedor of the hoss through a plurality of

spaced outicts longitudinally spaced from the

15 ebetween. The backing wheel has an its

2

regulating passago each compeise a dagle longitudioal alit.
By controfting the kength of the alits and the flexibility of the
film, wuter dripa from the oatlets whea the hose Is pressor-
lzed witbout clogging when the hose is depressurized. The
dlits are sufficieatly long and the film is sufficlently flexihls
so the water drips from the outlets when tie hoss i
presgurized. The slits arc sufficlentty thort and e film 13
sufficiently dgld eo the outlets close completely when the
hose is depresnuized,

10 Another aspect of the Invention is a method for making a

drip imigation hoso having longitodinal singls slit cutlets
apdfar inlets. A first outlet and/or inlet farming wheel has
onc or mare knife blades an s periphery. A second backing
wheel engages the first wheel to establish a first oip ther-
a ciroum-
ferential slot into which the kmifo blade fits at the first aip,
A third rib forming wheel has around its peciphery impwes-
sions that define a desired track pattern for the ribs, A sacogd
mip in cetablished with a third wheel in which the desired

20 teack pattern is formed The first and seoond wheels sze

moanted on & conmmon shaft to operate in synchroniam. A
continuous strip of plastic film is directsd in the following
paih in the order recited. The film b5 wrapped around the
seoond wheed to reverse direction snd pass into the first mip,

forming the outlet slits. The direction of tho film 1s
reversed leaving the first nip to transpart the film toward the
first wheel. The film is wrapped sroond & portion of the

periphery of the first whee! spaced Leterally from the knifs
blade to reverse direction. Tho direction of the film Is

%0 reverscd to transport the fitm toward ths third wheel. The

film is transported under an extroder to deposit & bead of
malten plastic on the film befors the third wheel, The film is
tranapartsd into the second nip to form the desired track in
the malten plastic, After the flim lexves the third wheel, the

3% hoso is finished. The descrilied method forms the outiet slits

and ths track pattezm in 2 coordinated fashion. As a result, the
outlets are dot restricted or plogged by the ribe,

BRIEF DESCRIPTION OF THE DRAWINGS

The features of specific embodiments of the best modo
conternplated of carying ot the invention sre Dlustrated in
the drawings, in which:

FIG. 1is a schematic block diagram of the method for

tespective inlets to provide a sobstantial path length from «5 making a drip irrigation hoss of the continnous emitter type:;

cach fnlet to & respective outlet In one ambodiment, the
cutlets each comprise two parallel kiifo biade fanmed alits
that create between theyn a flexiblo flap. The flap serves s
@ outlet valve, opening sod clozing as the hose Is pressur-

FIG. 215 1 schemnatic view of a portion of the film path for

.making a deip irdgation hose In sccordance with the inven-

tion; .
FIG. 3 1s a schematic view of & portion of the film path in

izod and deprossurized. Howover, ualess the plastic film {5 $9 4y alternative embodiment to tha film path of FIG, 3; and

very thick and rigld, the flaps do not close consistentty when
the hose it depressurizad and therefore, the outlets can
becamse clogged by sofl drawn into the shts.

In other types of drip ftrigation boss, dlongsted alot-like

outlets xre sometimes formed by a laser than veporizes part 55

of the plastic flim, When the water is mrned off, the outlets
may not campletely close because of the removed material,

Aprehlem encountered in the masufactore of continuous
emitter drip irdgation hots is coordinating the position of

FIG. 4 is & side pactially cstawny view of a length of drip
irrigation hose incorporsting the principals of the invention.

DETAILED DESCRIPTION OF THE SPECIFIC -
EMBODIMENT

The disclosures of US. Pat. Nos, 4,247,051, 4,584,739
and 5,123,984 are incorparated fully herein by reference.
The drip irrigation hose of the iavention is mads from a

the cutlcts and the track pattern of the ribs. If care is pot & coutinnous strip of flexthle, water

takea, the track pattern of the ribs may overlap the outlets,
and thercby canse the outlcis to bo on the high pressure tids

of the fow regulating passages.
SUMMARY OF THE INVENTION

Ond aspect of the Lxvention is a drip irigation hoso of the
continuous emitter type in which the outists frem the

& singlo

{mpervions plastic fitm,

raaging in thickness betwesn 4 and 15 mil, As
depicted by block 10 in FIG. 1, oatlets and/er inlcts are
formed in the stip of film along ono margin, As described
in more detad] below, each cutlet and/or inlet comprises a
longitudinal imife blsde formed alit in the film, Next,
&8 deplcted by block 12, two molten plastic beads made of
maaterial compatible with the film are deposited by ma

Prea:
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extrader on the margin of the film on either dde of the ogtict
dlits. Next, aa by block 14, the track pattera of the
1ibs {y foemed in the molien beada by & rib forming wheel
The track pattem {s tepeated cach tipe the db forming wheel
completcs a revolution, As depicted by block 16, after the
ribs are formed, the marging of the film are ovedapped to
positicn between them the track pettern. Finally, a1 depicted
by block 18, the overlapping marging are sealed by the still
molten ribs to form the finished hose, The described steps,
except for formation of the outlets and/or inlets, e shown
in mors datadl in the referenced ‘984 patent. Alternatively,
either the inlets or the outlets conld be formed as intemrop-
tions in one of the ribs.

FIG, 2 illustrates the path of a continnous strip of fllm 38
from which ths drdp irrigation hose is made between the
formation of the outlets and/or inlsts (block 10) and the
formation of the track pattemn (block 14). An oatlet forming
wheel 20 and a b forming wheel 22 are monnted on a
cotmon shaft 24 to synchronize their operstion, Wheels 28
and 22 have the sxmoe dlameter. A backing wheel 26 engages
ontlet forming wheel 20 to cstablish a nip 28 therebetween
A kmife blade 38 is toounted on the periphery of wheel 20,
Wheel 25 has a circumferential dlot 33 into which imife
blade 30 fits at nip 28. Direction changing wheels 34 2nd 26
230 define part of the film path. Wheels 20, 22, 26, 3, and
36 have Qanges to guide film 38 laterally during the mann-
facturing operation.

Wheel 22 has, around its periphery, impressdons (oot
shown) that defive the dexired teack pattern, for example,
cte of the track pattras I shown in the "051 patent of In the
'739 patent. The dircction of movement of film 38 s
depicted by the arows in FIG, 2. Film 38 is wrapped sround
wheal 26 to roverse direction mnd into pip 28. As a
sesult, a alit is farmed o fllm 38 each time blade 30 passes
tnto nip 28. A elit {s formed each time whee! 20 completes
ozg revolotion. After Leaving wheed 26, film 34 {s wrapped
mound wheel 34 to reverse direction and retrn toward
wheal 20. Film 38 iz wrapped around a portion of the
periphery of wheel 26, spaced Interally from knife blsds 30,
to reverse direction. After leaving wheel 20, film 38 In
wrapped ground wheel 36 to revense direction and move
toward wheel 22, Wheel 36 could be canted lighdy ©
provide & smooth trangittan in the film path betwees wheels
20 224 22, and the film could twist alightly between wheels
36 and 22, Between wheels 36 and 22, film 38 passcs under
an extruder 40 which deposits ono or more molten plastic
beads on ons margin of film 38, A backing wheel (not
shown) underlies wheel 22 to form a aip through which film
38 passta to form the molten besda, Since wheels 20 and 22
e mounted oo & common shaft, the formation of the outlets
and tho track pattern Iy coandinated and thelr relative posi-
tioning is closely controlled. After leaving wheed 23, film 38
Is finished in the manper flustrated in FIG. 5 of the '984
patent. In atyploal embodiment, the diameters of whesls 20
and 23 would be abont from 3 to 6 inches, the diameter of
wheel 26 would be abont 4 inchea, the dixmeters of wheels
3 and 36 would be ahout 4 inches, and the distance between
wheels 22 and 36 would be sboat 24 inches.

4]

It the [nicts also compuiso slits nother knjfo blads is

manted on the periphary of whoot 20 Larrally spaced fram
Imife biads 30 and wheed 26 has another circomferestial slot
Laterally spaced from slot 33 into which the other imife hlade
fits, The inlets a3 well as the cutlets are farmed a3 the
respective knifc bisdes pass into uip 28,

FIC. 3ilingivatns an altemative filin path aeeangement that
permits wheels 20 and 22 to have different diareters 2o that

the oudet spacing cag be greeter than the track pattern  depressurizod.

4

length, which produces & akip in the outlet oo

Wheel 20 snd e toothed whoel 58 are monnted on a shaft 82,
Wheel 22 gnd a toothed whee! 34 sre moanted on & shaft 6.
A toothed belt 58 couples wheels 56 and 34 to synchronize
the rotation of wheels 20 and 22 fn a ratfo to caue the
desired aldp in the outlet spacing relstive to the track pattern
length, In short toothed wheels 50 and 54 and toothed belt
58 replace shaft 24 in the embodiment of FIG. 2. The
diameters of wheels 20, 22, 50, and 54 are selected s0 the
anguinr velocity of wheel 22 is a meltiple of the angnlar
velocity of whedl 20, dq)endnguponﬂwdedmdom!alﬁp.
M:mﬂ,hmzﬂ:fmﬁum cen bo qeed o
produce u varlety of outlet spacings, Le outict
conflgurationt.

In FIG, 4, the complted drip {rrigation hose is shown.
Sl:lp38£| bent along s leagth to form an overdappling

scam between an interjor margin and an exto-
dnrmnuincfthenip Spaced spart, transvense ribs 42 and
43 extznd konglindinally through the scam to connest the
margins of strip 38, forming & scal and & flow reguiating
paisage A therebetwnen. A watzr supply pessage 48, having
a mnch lerger cross-soction arca then flow regulating pas-
sage 4 is defined by the reminder of strip 38. Longitudi-
nally spaced apart slits 46 in the partion of strip 38 between
supply pauags 45 and flow reguisting passage 44 sexve a2
{nlets to flow regniating passage 44. Longftudinally spaced
epart slity 47, formed in the exterler margin of strip 38, serve
2 outlets freen the bose. Slits 47 are-displaced from the
respective alits 46 to rovide a substantial path length from
each inlet to a respective outhet. Prefesably, crogs ribs 48 are
employed to divide the fiow regulating passage fnto
segments, such that slit 46 Ls &t one and of the segment and
o alit 47 {s 2 tho other end of a segment. Altermatively, e
inlets could be formad by interruptions in b 42 a5 illns-
trated In FIGS. § and 6 of the 051 patent and a8 [ostrated
In the *739 patest. The thape of rbs 43, 43 and 48 e
determined by the tack paiers on wheel 22 (FIG. 2).
Prefecably, chevrons are formed on the adjacent interior
sarfaces of rihs 42 and 43 to crests mrbatant flow in the Sow
regulsting pastage as filustrated in the *739 patent.

By contrciling the length of the alits and ths flexfbitity of
the fim, water drips from the outlets when the hose is
pressarized without clogging when tho hose is deprossur-
ized. Typically, the lins pressure of the water wsed for crop
frrigation ranges from sbout 4 peig to 14 pelg, Slits 47 &re
sufficiently loog md stip 38 is srfficlently flexihie so the
waler drips from the outicts when the hose Iy pressurized,
nfiec Gun aquirting, The effective wrea of the outlets
remsaing geall becanse the material on both sides of the alis
semain in the sume plane, rather than buckling. If the slits are
too chart af the strip is too rigid, the mterisl on cither eide
of the clits does sot move sufficientty to maks a Large hols
when the hose Is preasurized axd water aquirts oot the hose
and erodes the ol Slits 47 arc sufficient shart and stxip 38
is sufficlently rigld so the cutlets close campletely when the
hoss is depressurized, ¥ the alits are too lang or the sirip i3
too flexible, the slits do not close whea the hose 1s degres-
sarized. Typicaly, the sfits are about 34 {nch for o 4 mif fiim
thickmess and the slits are about % inch for a 15 mil Alm
thicknets. Thus, if the dits are mmch sharter than sbout %
inch for a 4 mil fitm thickness or If tho film {s moch thicker
than about 4 mil for a alit length of about W inch, the water
may squirt from the outlets. Stmilarly, if the shits are mmch
longer than sbout % inch for & 15 mil fitm thickness or if the
films s mnch thinner than about 15 mil for a slit length of
about ¥ inch, the outlets may not closc after the hoes iy
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The described embodimeat of e invention is caly coa-
sidered to bo preferred and illustrative of the [oventive
concept; the soope of the inveation is not 1o be restyictad to
mich embodiments, Varons and oamerons other avange-

. ments may be devised by one skilled in the art withoat

departing from the spirit and scope of this invention.
What is clafmed iy:

L. A drdp inigation hose comprising:

an elongated flexible strip of plastic film beat along its

mexns for {nterconnecting the opposing marging along
their length to sesl the overlapping loagitudinal seam,
thereby forming a flow regulating passage defined by
the scam and & water supply passage defined st least fn
paxt by the remainder of the strip;

2 plomiity of longitudinally spaced inlet parts to the flow
regulating pastage from tho water mipply pastage;

a phmlity of longitudinally apaced outiet ports from the
flow reguisting passage dispinced from the respective
inlet ports to provide a substantial path leagth from
each inlet port to 2 respective outlet port,

wherein each outlet port comprizes a tingle Joagitmdinal
stitin the srip, the it being sufficiently long and the
sdp flaxibis so the water drips from
the part when the hose Is presmurized, the dlit being
sufficlently short and the strip being sufficiently rigid so
the slit closes completely when the hose 1s depresny-
Ized. -

3 The howe of claim 1, In which each slit s knife tinde

formed.

3. A drip brigation hose comprising:

en alongated flexibls ctrip of plastic film beut along its
Jength to form a lapped longitudinal seam between
oppouing loegitdinal margins of the film; .

meany for interecanccting the opposing margina along
their leagth to seal the overlapping longitudinal seam
and thareby form a large water supply passage; _

means for forming a flow regnlating passage that 1s much
smaller than the water supply paisage;

» pinrality of longitudinally spaced inlet ports to the flow
regalating passage fram the water supply passage;

6

a plorality of longihdinally spaced fnlet parts to the flow
regulating parsage from the water rupply passage;

a plorality of longitudinally spaced outlet ports from the
flow regulsting passage displaced from the respective
Iulet parts to provide a substantial path length fram
¢ach inlet port to & reapective outlet port, )

whereln each port of ane type cotprises a slngls longi-
tudinal knife blads formed it in the steip,

1 6 Apparates for making deip irrigation boss comprsing:

an outlet port forruing wheel having a knifs bisde on ity

means for wrapping a contimious moving strip of plastic
film around the wheal to form alit cutiets repeatediy in
B age margin of the strip with the knife blade;
means for forming a desired track pattom repeatedly on
one margis of the #im fa predseemined relationship .
with the knife blade formed outicts;
2  mears for overlapping the numgins of the film to form a
water Fupply pestage;
means for sealing the overlapping marging to form ther-
ehetween a flow regulsting passege through the track
pattemns to the outicts; xad * _ ‘
means for repeatedly farming inlets from the water supply
pastage to the flow regulating passago so & track patizrm
lies between each inlet and oatiet. :
7. The spparatns of claim 6, in which the pattem farming
g0 [00ADN comyxies a track pattern forming wheel, mieans for
winpping the strip of plastic fitm aromnd the track pattern
fooming wheel to form the track patterns, and means for
coupling the track pattern fomuing whes] to the outlet part
forming wheet to operte in synchronism therewith,
gs 8 The apparatus of daim 7, in which the coupling mexns
comprises & shaft coanected between the wheds.

2

9. A method for making d&rip higation bose compdring .

the steps of:
forming alit outlets in one margin of & coo-
© tinnous moving strip of plastic fitm with a knife blade;
repestedly forming a desired track patiern oa ene margin
of the film in predetermined relationship with the
outiees;

overlapping the margins of ths fitm to form a water supply -

flow regulsting passsge dispisced from the respective
inlet ports to provide s substantial path length from
cach inlet part to a respoctive outlet port,

wherein each ootlet port comprises a tingle longimdinal
knife biade famed slit in the strip.

4, The hose of claim 3, in which tho alits are sufficdently

long and the stdp is sufficieat flexible so the water dedps

from the part when the hose is pressurized, and the stits are
sufficientty short and the strip is sufficlently rigid o the aits
closs completely when the hose it depressurized

&, A drip trrigation hose compxixing:

An clongated fiexible strip of plastic Aitm beat along its
length to form a lapped longitodinal seam between
oppoting longimdinal marging of the flm;

means for interconnecting the opposing marging along
their length to seal the overlapping loogitodinal seam,
thereby forming a flow regulating passage defined by
the scam and & water sopply pavsage defined ot least in
part by the remainder of the strip;

sealing the ovedapping margins to farm therebetween a
flow reguiating passage tirough the track patierms to
tho oufiets; and

2 repeatedly forming inlets from the water supply passage
to the flcw regulating passage so a track pattern Hes
between each izlet azd ontlet.

19, The method of claim 9, in which tho step of forming

alit outlcts compeices wrapping the strip of plastic film
. around 8 whoel having a kmife blads en its periphery to fom

a slit outlet each time the wheel rotates.
1L The method of ciaim 10, in which the stzp of farmiag

a detired track pattem compeises wrapplng the stip of

plastic fiim around a track pattern forming wheel ¢o form a
track patiom each time the track pastern forming whoel
rotates and conpling fhe track pastern farming wheel to the
gutlet port forming whedl to operate in sytchvontem there-
with,

. 6 0

Exhibit: ..__5_

Page:

25

it s




Case 3:05-cv-02300-DMS -AJB Document 4 Filed 01/20/06 Page 29 of 60

* .\ Exhibit C




Case 3:05-cv-02300-DMS -AJB Document 4 Filed 01/20/06 Page 30 of 60

United States Patent
DeFrank et al,

LT

US0058653T7A
111 Patent Number: 5,865,377 |
(451 Date of Patent: *Feb. 2, 1999

[54] DRIP IRRIGATION HOSE AND METHOD
FOR ITS MANUFACTURE

[75] Iloventors: Michael DeFrank, Temecula, Calif;
David Marchett!, The Woodlands, Tex.;
David L. Teegard!n, San Dicgo, Calif.

[73] Assignee: T-Systems International, [nc., San
Diego, Calif.

[*] Notice: The term of Lhis patent shal] not cxteod
beyond the expiration date of Pat. Nos,
5,522,551 and 5,634,595,

[21] Appl. No.; 850,407
{22] Filed:  May2, 1997

Related USS. Application Data

(63) Cantimation-ln-part of Sez. No. 650,469, May 20, 1996,
Pat. No. 5,434,395, which is a continustion of Set, No.
279,813, Jul. 19, 1994, Pat, No. 5,522,551,

(51} Int Cl¢ BOSB 15/00

[52] US: Cl cmmmrnsirmemsmamunnnn 239/542; 239753313

[58] Fiekd of Search .....ommisenun 2397107, 533.1,

239/531.15, 542, 562, 566, 568, 602, DIG, 12,

533.13
(56} References Clted
U.S. PATENT DOCUMENTS

390,135 B1975 O'BAAD rroscrrerremr i 239/534
4053100 1071977 GIRAD evmrememecsrsrnmses s 239/542
4,139,159 21979 150U & Bl. orommeressrsis 239/547
4TS 11/1979 Glerd mooemsev s mmsssmss 20543
4195784 /1980 Gilead meomeuomsmrrssrmsissans 297542
AZATLSL 111981 Al ovesemssrsmsssrsmrnnes 2397542
4548360 10/1985 Delmer et al. .ooomeomeommrers 239/542
4719800 10/1988 TU0R oo crerecamsrarenme ZI/2TT
498430 171991 AUPOT v e e 2397193
5123984  6/1992 Allport ef al. oeccoemremens 156/203

5522551 6/1996 DeFrnk et al, wimrssmsn 239/542
5634595 6/1997 Defrank ef al. .. — )

FOREIGN PATENT DOCUMENTS

2508865 9M976 Furopess Pat, OF. .
46345 12/1974 Israel .
52184 SNST7  Inemed .
S0051 1111979 Israel .

OTHER PUBLICATIONS

Hardi¢ Irrigation product information sheet (no date).
Sample of Hardic Irrigation product with slit open to expose
inside (Hardie Tape).

Primary Examiner—Anidres Kashmikow

Assistant Examiner—Lisa Ann Douglas '
Attorney, Agent, or Firm—Christie, Parker & Hale, LLP

(57] ABSTRACT

A drip irtigation hoss of the continvous emitter type in
which the outlets from the regulating passage cach comprise
a single longitudinal slit. By controlling the length of the
slits and the flexibility of the film, water drips from the
outlets when the hose is pressurized without clogging when
the hose is depressurized. The slits are sufficiently long and
the film is sufficizntly flexible s0 the water drips from the
outlets when the hoss is pressurized, The slits are sufficiently
short and the flm is sufficiently rigid so the outlets close
completely when the bose is depressurized. An outlet form-
ing wheel has a krife blade on its periphery. Abacking wheel
engages the outlet forming wheel to establish a first nip
therebetween. The backing wheel bas on its periphery &
circumferential slot into which the knife blade fits at the first
nip. A rib forming wheel has around its periphery impres-
sions that define a desired track pattern for the ribs. The
outlet forming wheel and the rib forming whee! are mounted |
on a common shaft 10 operate in synchronism. A continugus

strip of plastic film is directed in a path that reverses

direction four limes to accommodzie these wheels,

6 Claims, 3 Drawing Sheets
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DRIP IRRIGATION HOSE AND METHOD regulating passage cach comprise a singlo loogitudinal slit,
FOR ITS MANUFACTURE By coptrolling the leogth of the slits and the Aexibility of the
film, water drips from the outlets when the bose is pressur-
CROSS.REFERENCE TO RELATED ized withou i the ; ;
APPLICATIONS ] without clogging when the kose is depressurized. The

This application is a coatinuation-in-part of Application
No. 08/650,469 filed May 20, 1996, which issued as U.S.
Pat. No. 5,634,595 on Jun. 3, 1997 which is a continuation
of Applicstion No. 08/279,813 filed Jul. 19, 1994, which
issped as US. Pat, No. 5,522,551 on Jun, 4, 1996.

BACKGROUND OF THE INVENTION

This iovention relates to drip irrigation and, more
particalarly, to a drip irrigation bose with ap improved outlet
constryction and 4 method for ita manufacture.

Drip irrigation hose can be classified into two types—
hose having discreto emitters and hose having continuous,
integral emitters. An example of a drip irrigation hose
having discrete emitters is shown in U.S, Pat. No. 4,850,531,
An example of a drip irrigation hosc conlinuous, integral
emitters is shown in U.S. Pat. No. 4,247,051, Drip imigatios
hose having continuous integral emitters offers the possibil-
ity of lower cost sod ease of magufacture and installstion.

The design of the inlcts to and outlets from the comitices is
critical. If the effective outlet area of the emitters is tov large,
dirt and debris can collect externally in ihe outlets, thereby
causing external clogging. If the effective inlet and outlet
arcas of the emittors are too small, they become clopged
internally and cease to serve their purpase. Further, if the
effective outlet areas of the emittems are too small, water
squirts gut of the hose instead of dripping, and soil cm&nn
results,

USS. Pat. No. 4,247,051 discloses a drip imigation bosc
formed by bending a strip plastic Alm along its length to
form an overlapping longitudinal seam between opposing
longimdinal margins of the flm. Fist and second longitu-
dinally exténding, lateraily spaced, iransverse ribs intercon-
nect the opposing margins along their length lo seal the
overlapping Jongirudinal seam. The ribs are formed by one
or more molien plastic beads extruded onto the fllm. As a
result, a flow regulsting passage is defined by the ribs and
the oppesing margins 2od » supply passage is defined by the
remainder of the flm. Water flows from the supply passage
to the flow regulating passage through a plurality of loogi-
tudinally spaced inlets. Water flows from tbe flow regulating
passage o the exterior of the hosc through a plurality of
longitudinally spaced cuilets longitidinally spaced from the
respective inlets lo provide a substantial path length from
each inlet to & respective outlel. In one cmbodiment, the
outlets cach comprise two paralle] slits that form between
them a flexible flap, The Bap merves as an cutler valve,
opening and closing as the hoss is pressurized and depres-
surized. However, unless the plastic film is very thick and
rigid, (be faps do not close consistently when the hose is
depressurized and therefore, the outlets can became clogged
by soil drawn into the slits.

A problem encountered in the manufacture of continuous
emitter drip irrigation hose is coordinating the position of
the cullets and the track pattern of the ribs. If care is not
taken, the track pattern of the ribs may overlep the outlets,
and thereby cause the outlets to be on lhclnghpvemnde
of the flow regulating passages,

SUMMARY OF THE INVENTION

One aspect of the invention is a drip imrigation hoss of the
continsous emitter type in which the outets from the

15

2

35

L)

45

55

60

L4

slits are sufficieatly long and the film is sufficiendy flexible
so the waler drips from the outlets when 1be bose is
pressurized. The slits are sufficiently short and the film is
sufficiently rigid so the outlets close completely when the
hose is depressurized.

Another aspect of the invention is » method for making a
drip irrigation bose baving longitudinal single slit outlets
and/or inlcts, A first outlet and/or inlet forming wheel has
one or more knife blades an its peripbery. A second backing
wheel engages the first wheel to establish a first aip ther-
ebetween. The backing wheel has on its periphery a circum-
fereatial slot into which the knife blade fits at the first nip.
A third rib forming wheel has around its periphery impres-
sions that define a desired track patiem foc the ribs. A second
nip 15 established with a third wheel in which the deaired
track patiern is formed, The first and second wheels are
moupted o0 & common shafl to operate in synchronism. A
contimious strip of piastic film is directed in the fallowing
path in the order recited. The film is wrapped sround fhe
second wheel to roverse direction and pass into the first nip,
Lhereby forming ihe qutlet slits. The direction of the film is
reversed leaving the first nip to transport the film toward the
Beat wheal. The film is wrapped around 2 portion of the
periphery of the first wheel spaced Lutcrally from the knife
blade to roverse direction. The direction of the film is
reverscd 1o transport the Slm toward the third wheel The
film is tranaported under an extruder to deposit a bead of
molten plastic on the film before the third wheel, The film is
transported into the second nip to form the desired track in
the molten plastic. After the film lesves the third wheel, the
hosa is finished. The described method forms the cutlet slits
and the track pattern in a coordinated fashion. As a cesult, the
outlets are not restricted or plugged by the ribs.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of specific embodimeats of the best made
contemplated of carrying out the invention are illustrated in
the drawings, in which:

F1G. 1 is a schematic block diagram of the method for
making a drip irrigation bose of the conlinuous emitter type;

F1G. 2 is a schematic view of a portion of the Al path for
making 2 drip irdgation hose in accordance with the inven-
tion;

F1G. 3 in a schematic view of a portion of the film path in
an alteroative embodiment to the film path of FIG. 2; and

FIQ. 4 is a side partially cutaway view of a length of drip
irrigation hose incorporating the principals of the jnvention,

DETAILED DESCRIPTION OF THE SPECIFIC
EMBODIMENT

The disclosures of U.S. Pat. Nos. 4,247,051, 4,984,739
and 5,123,984 are incorporated fully herein by reference.

The drip irtigation hose of the invention is made from a
contiouous strip of flexible, water impervious plastic flm,
geoerally nging in ibhickness between 4 and 15 mil As
depicted by block 10 in FIG. 1, outlcts and/or inlets are
formed io the strip of film along one margin. As deactibed
in more detail below, each outlet and/or inlel comprises a
single longitudinal slit in the Glm. Next, as depicied by block
12, iwn molizn plastic heads made of material compatible
with the flm are deposited by an extruder on the margin of
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the Bl on cither side of the outlel slits. Nexd, as depicted by
block 14, the track pattzrn of the ribs is farmed in the molten
beads by a rib forming wheel. The track pattern is repeated
cach time the rib forming whee!l compleics a revolution, As
depicted by block 16, after the ribs are formed, the marging
of the film are averlapped to position between thems the track
pattern, Finally, as depicted by block 18, the overlapping
margins are scaled by the still molien ribs to form the
finished hose. The described steps, except for formation of
the ouilets and/or inlets, are shown in more detail in the
referenced *984 patcot. Alternatively, either the inlets or the
outiets could be formed as interruptions in one of the ribs.

F1Q. 2 illustrales the path of a continuous strip of film 38
from which the drip irrigstion hose i5 made between the
formation of the outlets and/or inlets (block 10) and che
formation of the track pattern (block 14). An outlet forming
wheel 20 and a rib forming wheel 22 are mouated on a
common shaft 24 io synchronize their operation. Wheels 20
and 22 have the same diameter. A backing wheel 26 cngages
outlet forming wheel 20 to establish a nip 28 therebetween,
A knife blade 30 is mounted on the periphery of wheel 20,
Wheel 26 has & circumferential slot 32 inte which knife
blade 30 fits at nip 28, Divection changing wheels 34 10d 36
also define pant of the film path. Wheels 20, 22, 26, 34, and
36 have Banges to guide film 38 latenally during the manu-
facturing operation.

Wheel 12 ks, around its periphery, impressions (not
shown) that define the desired track pattern, for éxampls,
onc of the track pattemns is shown in the '051 patent or in the
'739 patent. The direction of movement of film 38 is
depicted by the arrows in FIG. 2, Fitm 38 is wrapped around
wheel 26 to reverse direction and pass into nip 28. As a
result, a slit is formed in filra 38 cach time blade 30 passes
into nip 28. A stit is formed ezch time wheel 2t completes
one revolution, After lexving wheel 26, film 38 js wrapped
around wheel 34 to reverse direction and retumn toward
whee! 20. Film 38 is wrapped rround & portion of the
periphery of wheel 20, spaced laterally from knife blade 30,
to reverse direction. After leaving wheel 20, film 38 is
wrapped eroupd whee] 36 to reverse direction and move
toward wheel 22, Wheel 36 could be canted slightly to
provide a smooth transition in the film path between wheels
20 and 22, and the film could twist slightly between wheels
36 and 22, Between wheels 36 and 22, Alm 38 passes under
an extruder 40 which deposits one or more malien plastic
beady oo ons margin of film 38, A backing wheel (not
shown) underlies wheel 22 to form a nip through which film
38 passes to form the molten beads. Since wheels 20 and 22
arc mougted on a comtn shafl, the formation of the outlets
and tbe track pattemn iy coardinated and their relative posi-
tioning is closely controlied. After leaving wheel 22, film 38
is finished in the marmer illustrated in FIG. 5 of the "984
patent. [a.a typical embodimea, the diameters of wheels 20
and 22 would be about from 3 to § inches, the dismeter of
whee] 26 would be sbout 4 inches, the diameters of wheels
M and 36 would be about 4 inches, and the distance between
wheels 22 and 3§ would be about 24 inches.

If the iplets also comprise slits another knife blade is
monnted on the periphery of wheel 20 latcrally spaced from
knifs blade 30 and whecl 26 hes another circumfercatial slot
Iatorally spaced from slot 32 into which the other knife blade
fits. The 'inlets a3 well a8 the outlets are formed as the
respective knife blades pass into nip 28. |

FI1G, 3 illustrates 2n altemative fllm path arrangement that
permits wheels 20 and 22 to have differcnt dizmeters 50 that
the outle! spacing can be grester than the track patiern
length, which produces a akip in the outlet configuration.
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Wheel 20 and a toothed whee] 50 are mounted on s shafl 52,
Wheel 22 and 2 toothed whee] 54 zre mounted on & shaft 56.
A loothed belt 58 couples wheels 30 and 54 1o synchronize
the rotation of wheels 20 and 22 in 1 ratio to cause the
deaired skip in the outlet spacing relative to the track pattern
length. In short toothed wheels 50 and 54 and toothed belt
S8 replace shaft 24 in the embodiment of FIG. 2. The
diameters of wheels 20, 22, 50, and 54 aro sclected 5o the
aogular velocity of wheel 22 is a multiple of the sngular
velocity of wheel 20, depending upon the desired cutlet skip,
As 3 resull, the same rib forming wheel 22 can be used to
produce & variety of outlet spacings, ie., skipped outlet
coofigurations.

In FIG. 4, the completed drip imrigation hose is shown.
Sirip 38 is beot along its length 1o form a0 overlapping
longitudinal scem between an interior margin and an exte-
rior margin of the strip, Spaced apart, transverse ribs 42 and
43 extend longitudinally through the scam 1o coanect the
maggios of strip 38, forming a seal and a flow regulating
passege 44 therebetween, A waler supply passage 45, having
a much larger cross-section area then Aow regulatiog pas-
sage 44 is defined by the remainder of strip 38. Longitudi-
nally spaced apart slits 46 in the portion of strip 38 between
supply pasasge 45 and flow regulating passage 44 serve as
inlefs 1o flow regulating passsge 44. Longitudinally spaced
apart slits 47, formed in the exterior margin of strip 38, serve
as outlets from the hose. Slits 47 are displaced from ihe
respective slits 46 to provide a substantial path leagth from
cach injet 1o a respective oullet, Preferably, cross ribs 44 are
cmployed to divide the Sow regulating passage inlo
segments, uch that slit 46 is at ooe end of the segment and
e slit 47 is at the other end of a scgment. Allcrnatively, the
inlets could be formed by intervuptions in rib 42 as flus-
trated in FIGS. 5 and 6 of the "051 patent and as illustrated
in the *739 patent. The shzpe of ribs 42, 43 and 48 are
determined by the track pattern on wheel 22 (FI1G. 2).
Preferably, chevrons are formed on the adjacent interior
surfaces of ribs 42 and 43 to create murbulent fow in the fow
regulnting pessage as illustrated io the 739 pateat.

By conttolling the length of the slits and the flexibility of
the Glm, water drips from (he outlets when the hase is
pressurized without clogging when the hose .is depressur-
ized. Typically, the line pressure of the water used Eor crop
irrigation ranges from sbout 4 psig to 14 psig. Slits 47 are
sufficiently long and sirip 38 is sufficiently flexible so the
water drips from the outlets when the hose is pressurized,
rither than squirting, The effective arca of the outlets
remains small becauss the material on both sides of the slits
femain in the same plane, rather ihan buckling. If the slits are
too shart or the strip is too rigid, the malerial on either side
of the slits does oot move sufficicatly to make » largs bole
when the hoss is pressurized and water squirts out the hose
and erodes the soil. Shits 47 are sufficient short and strip 38
is sufficiently rigid so the outlets closs completely whea the
hase is de ized. If the slits are too Jong or the sirip is
oo Aexible, the slits do not close when the bose is depres-
surized. Typically, the slits ere abont % inch for a 4 mil film
thickpess and ibe slits are shout % inch for & 15 mil Alm
thickness, Thus, if the slity arc much shorter than ahout ¥
inch for & 4 mil fllm thickness ot if the film is much thicker
than about 4 mil for a slit length of about ¥ inch, the water
roay squirt from the outlets, Similarly, if tho slits art much
longer than about % ioch for a 15 mil fiim thickness or if (he
film is much thinner than sbout 15 mil for a slit length of
sbout % inch, the outlets may not close afier the hose is

Despits the foregoing, it bas recently been discavered that
with a stit leegth of almosi one inch, the outlets atill close
after the hosa is dapressurized if the flm is flexible enough.

Tsbibin
Tae:

L.
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The described embadiment of the inveation is only con-
sidered to be preferred and illustrative of the inventive
cancept; the scape of the inventicn is nof to be restricted to
such embodiments. Various and pumerons olher arrange-
ments may be devised by one skilled in the art without
departing from the spirit and scope of this invention,

What is claimed is;

1. A drip imigation bose comprising:

an clongated plastic hose that provides s large water
supply passage;

2 smeil fow regulsting passage exisoding aloog the
length of the bose;

a plorality of longitudinally spaced inlet ports to the fow
regulating passage [rom the water supply passage;

1 plurelity of kongitudinally spaced cutlet ports Eom the
flow regulating passage to the exterior of the hose, the
outlet ports being displaced from the respective infet
ports to provide a substantial path length fram each
inlet port through the flow regulating passage to 8
respective outlet port,

wherein each port of one type comprises a single
longitudinal, kaife blade formed slit.

10

0

6

2. The drip irrigation hose of claim 1, in which the
clongated bose comprises an clongated Bexible strip of
plastic film beat along its length to form a lapped longitu-
dinal scam between opposing longitudinal margins of the
film and means for interconnecting the opposing margins
along their length to seal the overlapping longitudinal scam

and form thereby the elongated hose.

3. The drip irrigation hose of claim 2, io which the flow
regulating passage is located at the scal of the overlapping

4. The bose of claim 1, in which each port of the one type

is an outlet port

5. The hose of claim 1, in which each poet of the one type

is an inleg port.

6. The hose of claim 1, in which the slits aro sufficiently
long and the strip is sufficient flexible so the water drips
from the port when the bose is pressurized, and the slits are
sufficiently short and the strip is sufficiently rigid so the slits

close completely when the bose is depressurized.

Exlubin . ..
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) ABSTRACT

A drip imigation hase of the continuious emitter type in
which the outlets from the regulating passage each comprise
& single longitudinal alit. By cootrolling the length of the
slits and the flexibility of the film, water drips from the
outlets when the hose is pressurized without clogging when
the hose is depressurized. The slils are sufiiciently long and
the film is sufficiently flexible so the weter drps from (he
outlets when the hose is pressurized. The slits are sufficiently
shott and the film is sufficiently rigid so the cutless close
completely when the hose is depressurized. An outlet form-
ing whee! has a knife biade on its periphery. A backing whec]
engages the outlet forming wheel to establish a first nip
therebetween. The backing whesl has on its periphery a
circymferential slot into which the knife blade fits st the first
uip. A rib forming wheel has around its periphery impres-
sions that define a desired track pattern for the ribs. The
outlet forming wheel and the b forming wheel are mounted
on a common shaft to operate in synchronism. A contimicus
strip of plastic film is directed in a path that reverses
direction four times to accommodata these wheels.

29 Claims, 5 Drawing Sheets
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METHOD AND APPARATUS FOR MAKING A
DRIP [RRIGATION HOSE

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a divisional of application Ser. No.
08/850,407, filed May 2, 1997, now U.S. Pat. No. 5 865377,
which is 1 continuation-in-part of application Ser. No.
08/650,469 filed May 20, 1996, now U.S. Pat. No. 5,634,595
now allowed, which is & continuation of Application Ser. No.
087279813 filed Jul. 19, 1994, which issued as U.S. Pat. No.
5,552,551 on Jun. 4, 1996,

BACKGROUND OF THE INVENTION

This invention relates to drip irrigation and, morc
particularly, to s drip irrigation hosa with an improved outlet
construction and a method for its manufacture.

Drip irrigation hose can be classified into two types—
hose having discrete cmitters and hose having contimuous,
integral ¢mitters. Ap example of a drip imrigation hose
baviog discrete cmitters is shown in U.S. Pat. No, 4,850,531,
An cxample of a drip irrigation bose conlinuous, integral
emitters is shown in U.S. Pat, No. 4,247,051. Drip irrigation
base having continuous integral emitters offers the possibil-
ity of Jower cost and case of manufscturs snd installation,

The design of the inlets to 20d outlets from the cmitters is
critical, If the effective outlet area of the emitters is too large,
dirt and debris can collect externally in the cutlets, thereby
causing external clogging. If the effective inlet and outlel
arcas of the emiilers are too small, they become clogged
internaily and cease to serve their purpose. Further, if the
effective outlet arexs of the emitters are 100 small, water
squirts out of the bose instead of dripping, and soil crosion
esulis.

US. Pat. No. 4,247,051 discloses a drip irrigation hose
formed by bending a sirip plastic film along its lengih to
form an overlapping longitudinal scam between opposing
longitudinal margins of the flm, First and second longit-
dinally extending, laterally spaced, transverse ribs intercon-
pest the opposing margins along theit lengih o scal the
overlapping longitudinal seam. The ribs are formed by one
or more malten plastie bends extruded onto the flm. As s
result, 8 flow reguiating passage is defined by the ribs and
the opposing margins and & supply passage is defined by the
remainder of the film. Water flows from the supply passage
to the flow regulating passage through a plurality of longi-
tudinally spaced inlets, Water flows from the flow regulating
passage to the exterior of the hose through 1 plunlity of
longitudinally spaced outlcts longitudinally spaced from the
respective folets fo provide a substzatit! path length from
exch inlet to & respective outlet. In one embodiment, the
oullets each comprise two parallel stits ihat form between
them & floxible flap. The flap serves as an outlet vaive,
apening and closing s the hose is pressurized and depres-
surized. However, unless the plastic film is very thick and
rigid, the flaps do not close consistently wheo the hose is
depressurized and therefore, the outlets can become clogged
by soil drawn into the slits,

A problem encountered in the manufecture of continuous
emitter drip rrigation hosa is coordinating the position of
the outhcts and the track paitcrn of the nibs. If care is oot
taken, the track pattern of the ribs may overlsp the outlets,
and thereby cause the gutleta to be on the high pressure side
of the flow regulating passages. '

SUMMARY OF THE INVENTION

One aspeet of the invention is & drip irvigation bose of the
coniinuous emitter type in which the outlets from the

0
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regulating passage each comprise & single longitudinal slit.
By controlling the length of the slits and (he Raxibility of the
film, water drips from the outlets whee the hose is pressur-
ized without clogging when the hoso is depressurized. The
slits are sufficiently long and the film is suficiently flexible
so the watet drips from the outlets when the bose is
pressurized. The slits are sufficicatly shon and the film is
suﬁczenuy rigid so the outlets close complstely when the
hose is depressurized,

Another aspect of the invention is a mathod for making a
drip imrigetion bose having longitudinal siogle slit cutlets
and/or inlets. A first ouilet ead/or inlet forming wheel has

one or mare knife blades oo its periphery. A second bacldng -

wheel cogages the first whee! to establish a first nip ther-
cbetween. The backing wheel has o its peripbery a circum-
ferential slot into which the knife blade fits at the first nip.
Acthind rib forming wheel has around its periphery impres-
stons that define & desired track pattern for the ribs, A second
nip is established with a third wheel in which tha desired
rack pattern is formed. The first and second wheels are
mounted on a common shaft to operaie in synchronism. A
continuous strip of plastic film is direcied iz the following
path in the onder recited. The fitm is wrapped around the
sccond wheel to reverse direction and pass into the first nip,
thereby forming the outlet slits. The direction of the film is
reversed leaving the first nip to transport the film towaed the
first wheel. The film is wrapped around & portion of the
periphery of the first wheel spaced laterally from the knife.
blade to reverse direction. The direction of the film is
reversed to ransport the film toward the thind wheel The
film is transported ynder an extruder 1o deposit & bead of
molten plastic on the film before the third wheet. The flm is
transported iglo the sccond nip to form the desired rack in
the molien plastic. After the film leaves the third wheel, the
bose is finished. The described methed forms the outlet slits
and the track patiem in a coordinated fashion. As a result, the
outlets are not Testricted of plagged by the ribs.

BRIEF DESCRIPTICN OF THE DRAWINGS

o

43

65

The features of specific cmabodiments of the best mode
contemplated of carrying out the invention are illustrated in
the drawings, in which:

FIG. 1 is a schematic block diagram of the method for
making a drip irrigation hosc of the continuous emitter type;

FI1G. 2 is a schematic view of a poriion of the Glm path for
making 2 drip imigation boss in eccordance with the inven-
tion;

FIG. 3 is a schematic view of a portion of the fllm path in
ap alicrmative embodiment o the film path of FIG. 2; and

FIG. 4 is a side partially culeway view of a length of drip
irrigatian hose incorporating the principals of the invention;
and ‘

FIG. 5 is a schematic diagram of apparatus for completing
the manufacture of a drip irrigation bose following tha
operations shown in FIG. 2.

DETAILED DESCRIPTION OF THE SPECIFIC
EMBODIMENT

The disclasures of U.S. Pat. Nos. 4,247,051, 4,984,739
sod 5,123,984 are incorporated fully hercin by refercoce.

The drip irrigation hose of the invention is made from a
contimeous stip of flexible, water impervicus plastic flm,
gencrally ranging in thickness between 4 and 15 mil. As
depicted by black 10 in FIG. 1, cutlets end/or inlets are
formed in the sirip of film tloag one margin. As described
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in more detail below, each outlet and/or inlct comprises a
single longitudinal shit in the film. Next as depicted by block
12, two molten plastic bexds made of material compatible
with the flmn are deposited by an extruder on the margin of
the film on ¢ither side of the outlet slits. Next, 2s depicted by
block 14, the track pattern of the ribs is formed in the molica
beads by u rib forming wheel. The track pattern is repeted
each time be rib forming wheel complcies a revolution. As
depicted by block U6, after the tibs are formed, the margins
of the film are overlapped to posilion between them the track
pettern. Finally, as depicted by biock 18, the overlapping
margins ‘zre scaled by the stil] molten ribs (o form the
finished hose. The described steps, except for fonmation of
tho outlets and/or inlets, are shown in more detail in the
referenced *984 patent. Aliernaiively, cither the inlets or the
auilcts could be formed as interruptions in one of the ribs.

FIG. 2 illustraies the path of a contimuous strip of film 38
from which the drip irrigation bosc is made between the
formation of the outects and/or inkts (block 10) and the
formation of the track pattern (block 14). An outlet forming
wheet 20 and a rib forming wheel 22 ars mounted on 2
common shaft 24 to syachronize their operation, Wheels 20
and 22 bave the stme diameter. A backing wheel 26 engages
outlet forming wheel 10 to establish & aip 28 therebetwecn.
A knife blade 30 is mouated on the peripbery of wheel 20,
Wheel 26 s & circumiercatial alot 32 imo which knife
blade 30 fits ot nip 28, Direcion changing wheels 34 and 36
also define pant of the film path. Wheels 20, 22, 26, 34, and
36 have flanges o guide film 38 laterally during the mamu-
facturing operation. )

Whee! 22 has, around its periphery, impressions that
define the desired track paticrn 24, for example, ooe of the
track patterns shown in the "051 patent or in the *739 patent.
The direction of movenent of film 38 is depicted by the
arrows in FIG. 2. Film 38 is wrapped around wheel 26 to
reverso dircction and pass into oip 28. As a rosult, a slif is
fortted in film 38 cach time blade 30 passes into nip 28, A
sht is formed cach time wheel 20 completes one revolution,
After leaving wheel 26, film 38 is wrapped around wheel 34
to reverse direction apd return toward wheel 20, Film 38 is
wrepped arcund 4 poriion of the periphery of wheel 20,
spaced latenlly from knife blade 30, to reverse direction.
After teaving wheet 20, filn 38 is wrapped around whee 36
to reverse direction and mave toward wheel 22, Wheel 36
could be canted slightly to provide 2 smooth trassilion in the
film path between wheels 20 and 22, and the film could rwist
slightly between wheels 36 and 22, Between wheels 36 and
22, film 38 passes under an extruder 40 which deposits one
or more molten plastic beads on ope margin of film 38, Since
wheals 20 and 22 arc moupted on s common shaft, the
formation of the outlets and the track pattern is coordinated
and their relative positioning is closely controlled. After
leaving wheel 22, flm 38 is finisbed in the manner illus-
trated in FIG. 5. More specifically, as film 38 approaches
extruder 40, its inner margin is folded over and extruder 40
(orms one or mare boeds 42 on the exposed susface of the
inner margin of Alm 38. A backing wheel 60 underlics wheel
22, which bas ack pattera 24, Afier passage through the nip
formed by wheels 22 and 60, the outer margin of film 38 is
{olded by a guide 62 to overlap the inner margin of Glm 38.
The folded film 38 theo passes through the nip of a form
wheel 64 and a backing wheel 66. Form wheel 64 has +
groove 68 that depreases the beads (o st the bead hoight at
a specified value. The vahie of the bead height determincs
the flow rate of (he hose. A finished boss M0 leaves the nip
between wheels 66 and 68. Tn a typical embodimen), the
diameters of wheels 20 and 22 would be about from 3 10 6
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inches, the diameter of wheel 26 wauld be about 4 inches,
the diameters of wheels 34 and 36 would be sbout 4 jnches,
and the distancs betwesn wheels 22 and 38 would be sbout
24 inches.

If the intets also comprise shits another knife blade is
mounted on the periphery of wheel 20 laterally spaced from
knife blade 30 and wheel 26 has another circumferential skot
laterally spaced from slot 32 into which the otber knife biade
fits. The inlets &5 well as the outlets are formed &s the
respective kaife blades pass into nip 28,

FIG. 3 itlustzates sn ahtemative film paib arrangement that
permits wheels 20 and 22 to have diffcrent diameters so that
the outlet spacing can be greater thag the track patemn
length, which produces & skip in the outlet configuration.
‘Wheel 20 and 2 1oothed wheel 50 are mounted on a shaft 52.
Wheel 12 and a toothed wheel 54 arc mouated on a shaft 56.
A toothed belt 38 coupkes wheels 50 and 54 to synchronize
the rotation of wheels 20 and 22 in & ratio 0 csuss the
desired skip in the oullet spacing relative to the track pattern
leagth. In short toothed wheels 50 and 54 and toothed belt
5B replace sbaft 24 in the embodiment of FIG, 2. The
diametees of wheels 20, 22, 50, and 54 are sclected sq the
angular velocity of wheel 22 is a multiple of the angular
velocity of wheel 20, depending upan the desited outlet skip.
As a resull, the sams rib forming wheel 22 can be used to
produce a variety of outlet spacings, ie., skipped outlet
configurations.

in FIG. 4, the completed drip irrigation bose is shown.
Strip 38 is bent along its leagth (o form ap overlapping
loogitudinal scam between ag isterior mergin and an cxte-
rior margin of the strip. Spaced apart, transverse ribs 42 and
43 extend longitudinally through the scam to conpsct the
margias of strip 38, forming & scal and & flow regulating
passage 44 therchetween, A water supply passage 45, baving
a much Jarger cross-section area then flow regulating pas-
sage #4 is defived by the remainder of strip 38, Longitedi-
ally spaced apart alits 46 io the portion of strip 38 between
supply passage 45 and flow regulating passage 44 serve as
inlets to flow regulating passage 44. Longitudinally spaced
apart slits 47, formed in the exterior margin of strip 38, serve
18 outlets from the hose. Slits 47 are displaced from the
respective slits 46 to provide a substantial path Jength from
cach inlet to & respective outlet. Prefersbly, cross riby 48 are
cmployed to divide the Jow regulating passage into
scgments, such that slit 46 is 21 oot end of the segment and
a slit 47 is at the other cod of & segment. Altemnatively, the
inlets could be formed by interruptions in rib 42 as ifius-
trated in FIGS. § and 6 of the ‘051 patent and as dlustrated
in the "739 patent. The shape of ribs 42, 43 and 48 are
determined by the track pattern on wheel 22 (FIG. 2).
Prcferably, chevrons arc formed on the adjacent inlericr
surfaces of ribs 42 and 43 to create turbulent flow in the flow
regulating passage as illustrated in the *739 patent.

By controlling the leagth of the slits and the Bexibility of
the fim, water drips from the outlets when the bose is
pressunized without cloggiog when ths bosa is depressue-
jzed. Typically, the line pressure of the water used for crop
irrigation rangss {rom about 4 psig to 14 peig. Slits 47 arc
sufficiently long and sirip 38 is sufficiently flexible so the
watcr drips from the outlets when the bose is pressurized,
ntber than squirtivg. The effective srea of tho outlets
remains small becauss the material on both sides of the slits
remain in the same plans, mtber than buckling. If tbe alils are
100 ghort or the sirip is too nigid, the mnterial on either side
of the slils does not move sulliciently to make a largs bale
when the hose iy pressurized and water squirts out oo bose
and erodes (he soil. Stits 47 are sufficient sbort and strip 38
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is sufficiently rigid so the oullcts close completely when the
bose is depressurized. If the slits are too Jong or the strip is
too flexible, the slits do not close when the hosc is depres.
surized. Typically, the slits ere about Y inch for a 4 mit film
thickness and the slits sre aboul % inch for 4 15 mil film s
thickness. Thus, if the stits ara much sharter than zhawt %
inch for a 4 mil film 1hickness or if the film is much thicker
than about 4 mil for a slit length of about ¥ inch, the water
may squirt from the outlets, Simmilarly, if the slits are much
longer than about % inch for a 15 mil flm thickness or if the 10

film is much thinner than aboul 15 mil for a slit leagth of

about 3 inch, the outlets may not close afier the hose s
depressurized.

Despile the foregoing, it bias recently been discovered that
with a alit length of almost coe inch, the cutlets still close 15
afier the bose 18 depresyurized if the film is fcxible enough.

The described embodimest of the inventios is oaly con-
silzred to be prefemed aod illustrative of the inventive
concept; the scope of the invention is not to be restricted to
such embodiments, Various and oumerous other arrange. 20
ments may be devised by one skilled in the art without
depariing from the spirlt and scope of this invention.

What is claimed is:

1. A exthod for making drip irrigation hose comprising:

rotating an outlct forming wheel having a knife blade o ”

ils peripbery,
maintyining & continuoys moving strip of plastic-film
baving first and sccond longitudinal margins in contact
with the wheel to forrm slit outlets repeatedly zlong the
fArst margin of the strip as the kmife blade rotwtes;

forming an cloagated Aow regulating passage and iniets to
the fAow regulating passage on onc mangin of the strip,
the inlets being spaced from the outlets to form o
substantial path length from cach inlet to outlet; 35

foldiag the sirip to averlap the first and second margins so
tho first margin overlies the sccond margin and the fow
regulating passage lies between the overlapping tmar-
gios; and

sealing ibe overlapping margins and the fow regulating 40

prssage to fono a waler supply passage, the inlels
coupling the water supply passage 1o the fow regulai-
ing passage and the outlets coupling the flow regulating
passage (o the exterioc of the hosa,

1, A method for making drip irrigation bose comprising: 45

rotating an outlet forming whee! having & knife blede on

its periphery;

maintsining a continuous moving stip of plastic film

having first and second margins in contact with the
wheel to form skit ouilets repeatedly in the surfzco of *°
the sirip as the knife blade rotates;

fotming an cloggaied fiow regulsting passage oo one

margin of the swip;

folding the sirip 10 overhap, close ihe flow regulating

passage, and form a water supply passage;

sealing the overlapping macgios; and

repeatedly forming inlets from the water supply passage

10 the flow regulating passage to form a substantial path
length from cach inlet o outlet. 60

3. Apparatus for making drip imrigation bose comprising:

a ratating outlel forming wheel having a knife blade on its
periphery capable of forming singh slit outlets;

a backing wheel that forms a nip with the outlet foming

6

the first margin of the sirip as the keife blade rotates,

wherein the strip has a genera) direction of movemeet;
means for forming an elongated flow regulating passsge

on he first margin of the strip over the outlats;
means for folding the strip to averlap the margins so the

fiow regulating passage Lies between the margins;
means for scaling the overlapping margins to form a water

sapply pessage adjacent to the flow regulating passage;

and

means for repeatedly forming inlets from the watee supply
passage 10 the flow rcgulating passage to form a
subsiantial path iength from cach inlet to cutlet.

4. The apparatus of claim 3, in which the means for

formmg a HBow regulating passage comprises means for
extruding a bead of molien plastic onto ihe surfece of (ke
strip af ons margin, 4 rotating pattern wheel for repeatedly
forming a desired treck pattem in the bead, means for
coupling the patterg whee! to the outlet forming wheel so the
paitern and outlet forming wheels rotate in syechronise, and
means (or presaing the margins together o form the flow
regulating passage,

5. The apparatus of cleim 4, in which the coupling mesns

comprises 3 shafl connected between the patiern and outlel
forming wheels,

6. Appanatus for making drip imrigation bose comprising:

a rotating outlet forming wheel having a knife bladc onits
periphery;

& backing wheel that forms a nip with the outlet forming
wheel for maintaining a continuous moving strip of
plastic film having first and second longitudinal mar-
gins in contact with the wheel 10 form slit ouilets
repeatedly along the first margio of the strip as the knife
blads ralates, wherein the strip has & general diroction
of movenent;

wmeans for forming an elongated Sow regulating passage
and inlets to the How regulating passage 00 coe margn
of the strip, the inlets being spaced from the outlets o
form a substaotial path length from each inlet to cutlet;

means for folding the strip to overlap the first and second
margins 50 the first margin overlics tbe secoad margin
and the flow regulating passsge lics between the over-
lapping margins;

means for scaling the overlapping margins and the flow
regulating passage to form & water supply passage, the
inlets coupling the water supply passage to the flow
regulating passage to form & water supply passage, the
inlcts coupling the water supply passage (o the Bow
regulating passage and the outlsts coupling the flow
regulating passage to the exterior of the boss,

7. The apparztus of claim 3, in which the mesns for

forming iniets forms inlets in the second margin.

8. The apparatus of cleim 3, in which the means for

forming inlets forms slit inlets in the sccond margin.

9. The apparatus of claim 4, in which the mesns for

forming inlets forms inlerruptions in the frack patter of the
pattern wheel,

10. The apparatus of clim 3, in which the knife blade is

mountzd on the periphery of the outlet forming wheel.

11. The apparatus of claim E0, in which the backing wheel

has a circumfereatial slot into which the knife blade fits as
it passes through the nip.

12. The appanatus of claim 1J, in which the srip is

wrapped around the backing whee) such that it moves in the

wheel for praintaining a contiovous moving strip of &5 geosnl direction of movement before it passes through the

plastic film having first and second margios in contact
with the wheel to form single slit cutlets repeatedly in

nip and opposite the genml direction of movement sflerit’
passes through the nip.
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13, The appanatus of claim 12, additionally comprising a
direction changing whee! around which the strip is wrapped
such that it moves in the general direction of movement after
it leaves the direction changing wheel,

14. The apparatus of claim 13, in which the strip is
wrapped arcund the outlet forming wheel after if leaves the
direction changing wheel such that the strip moves opposite
the general direction of movement afier the sirip keaves the
oulet forming wheel

15. The apparatus of claim 14, additionally comprising a
further direction changing wheel around which the strip is
wrapped such that it moves in the gencral direction of
mnvelmenl after it Jeaves the further direction changing
wheel,

18. The apparatus of claim 3, in which the means for
forming a flow regulating passege compriscs an extruder
that depasits one or more molten beads on the first margin
of the strip and » rotating molding whee] baving a pattern of
depressions that forms the pattern of the fow regulating
passage in the one or more beads.

17. The apparatus of claim 16, sdditionally comprising
means for synchronizing the molding wheel 1o ibe outlet
forming whest,

18. The apparatus of claim 17, in which the synchronizing
means comprises a rotating shaft counecting the molding
wheel to the outlet forming wheel.

19. The epparatus of claim 17, in which ihe synchronizing
means cornprises 1 first coupling wheel connectzd o the
molding whecl, & sccond coupling wheel connected to the
outlet forming wheel, and a rotation transmitting bell
between (be first a0d second coupling wheels.

20. The apparatus of claim 19, in which the wheels are
designed so the angular velacity of the meldieg wheel is a
multiple of the outlet forring wheel,

21. The apparatus of cluim 18, in which the molding
wheel is laterally displaced from the outlet forming wheel

22, The apparatus of claim 17, in which the knife blads is
moupted og the periphery of the outlet forming wheel

23, The apparatus of claim 22, in which the backing wheel
bas a circumferential slot into which the knifo blade fits as
it passes through the nip.

H
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24. The spparatus of claim 23, in which the strip is
wrapped around the backing whee] such that it moves in the
gencral direction of movemnent before it passes through the
nip and opposite the genera) direction of movemeot afier it
passes through the nip.

25. The apparatus of claim 24, additionally comprising a
dircction changing wheel arouad which the strip is wrapped
such Ibat it moves in the general direction of movement after
it leaves the direction changing wheel.

26. The apparatus of ¢laim 25, in which the sirp is
wrapped around the outlet forming wheel afier it leaves the
direction changing wheel such that the strip moves oppositc
the general direction of movement sfter the strip leaves the
outlet forming wheel.

27. The apparatus of claim 26, additionatly comprising a
further direerion changing wheel around which the strip is
wrapped such that the strip moves in the geaeral direction of
movement into contact with the outlet forming wheel after
it lcaves the further direction changing wheel.

28, The apparatus of claim 3, in which the strip moves in
1 given direction while in contact with the outlet forming
wheel, the mecans for forming & flow cegulating passage
comprises a rofating passage forming wheel, the apparatus
additionally cowprising a rotating shaft between the wheels
to synchronize their rotation, and » film path between the
whzels for reversing the direction of movement of the sirip
between the wheels so the strip moves acrosa (he passage
forming whee! in the given disection.

29. The apparatus of cluim 3, in which the strip moves in
1 given direction while in contact with the outlet forming
wheel, the meass for forming a fow regulating passage
cOmprises & rotating passags forming wheel, the apparatus
additionally comprising a firsi coupling whee! connected to
the pasaage forming wheel, ¢ sccnnd cougling whesl cou-
nected W the outlet forming wheel, & rotation transmitting
bell between the first and second coupling wheels synchra-
nize their rotation, and & film path between tbe wheels for
reversing the direction of movement of the strip between the
wheels a0 the strip moves across the passage forming wheel
in the given direction.
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) ABSTRACT

A drip frrigation hose of the continuous emitter type in
which the outlets from the regulating passage each comprise
a single longitudinal slit. By controlting the length of the
slits and the Bexibility of the film, water drips from the
outlets when the hase is pressurized without clogging when
the hose is depressurized. The slits are sufficiently long and
the film is sufficiently flexible so the water drips from the
outlets when the bose is pressurized. The slits are sufficiently
short and the film is sufficiently rigid so the cutlets close
completely when the bose is depressurized. An cutlet form-
ing wheel has a knife blade on its periphery. A backing wheel
engages the outlet forming wheel to establish a fiest nip
therebetween. The backing wheel has on its periphery a
circumferentiat slot into which the knifs blade fits at the first
nip. A rib formivg wheel has around its periphery inmpres-
sions thal deflnc a desired track pattern for the ribs, The
outlet forming wheet and the cib forming whee! are moumted
on & commen shaft to operate in synchronism. A continuous
strip of plastic film is directed in a path that reverses
direction four times to accommodate these wheels,

7 Clalms, 5 Drawing Sheets
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METHOD OF MANUFACTURE OF A DRIP
. IRRIGATION HOSE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a contimation of application Ser, No.
09/128,770, filed Aug. 4, 1998, now U.S. Pal. No. 6,464,
816, which is a divisional of application Ser. No. 08/850,
407, filed May 2, 1997, which issued as U.S, Pat. No.
5,865,377 on Feb. 2, 1999, which is a continuation-in-part of
application Ser. No. 08/650,469, filed May 20, 1996, which
issued as U.S. Pat. No. 5,634,595 on Jun. 3, 1997, which is
1 continuation of 2pplication Ser. No. 08/279,813, filed Jul,
19, 1994, which issued as U.S. Pat. No. 5,522,551 on Jun.
4, 1996.

BACKGROUND OF THE INVENTION

This iovention relates to drip irrigation and, more
particularly, to a drip irrigation bose with an improved outlet
construction aed a rocthod for its manufacture.

Drip irrigation hose can be classified into two types—
bose having discrete cmitters and bose having cootimous,
integral emitters. An example of a drip irmrigation hose
baving discrete emitters is shown in U.S. Pat. No. 4,850,531,
An cxanple of a drip irrigation hose continuous, integra!
emitters is shown in U.S. Pat. No. 4,247,051, Drip irvigation
hose baving continucus integral emitters offers the possibil-
ity of kower cost and ease of mamifacture end installation.

The design of the inlets to and outlets from the emilters is
critical. If the effective outlet arca of the emilters is too large,
dirt and debris can collect externally in the ontlets, thereby
causing external clogging. If the effective inlet and outlet
arces of the emitters are too small, they become clogged
internally and cease to scrve their purposc. Further, if the
effective outlet areas of the emitlers ars too small, water
squizts out of the hose instead of dripping, and soil crosion
results,

U.S. Pat. No. 4,247,051 discloscs a drip irrigation hose
formed by bending a strip plastic flm tloag its length to
form an overlapping longitudinal scam between opposing
longjtudinal margins of the film. First and second longita-
dinaily extending, laterally spaced, transverse ribs intercon-
nect the opposing margins along their leogth to seal the
overlapping longitudinal seam. The ribs are fonmed by one
or more molten plastic beads extruded onto the film- As a
result, a How rcgulatiug passage is defiped by the ribs and
the opposing margins and a supply passage is defined by the
temainder of the film. Water flows from the supply passage
1o the fow regulating passage through u plurality of longi-
tudinally spaced inleis. Watcr flows (rom the fiow regulating
passage 1o the exterior of the hose (hrough a plunlity of
longimdinsHy spaced outlers longitudinally spaced from the
respective inlets to provide a substantial path length from
each inlct to a respective oullet, In one embodiment, the
outlets cach comprise two parallel slits that form between
them a flexible Atp. The Rap serves as an outlet valve,
opening and closing as the bosc is pressurized and depres-
surized. However, unless the plastic film is very thick and
rigid, the flaps do oot close consistently when the hose is
depressurized and thecefore, the oulleucm become clogged
by soil drawn ino the slits,

A problem cncouatered in the manufacture of continwous
emitter drip irrigation hose is coordinating the position of
the outlets and the track pattern of the cibs. If care is not

2
SUMMARY OF THE INVENTION

One aspect of the invention is a drip irrigation hose of the
conlimuous cmitter type in which the outlets from the

¢ fegulating passage each compritc a single longitudinal slit.
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taken, the track pattern of the ribs may cverlap the outlets, &5

and thereby cause the outlets to be on the high pressure sids
of the flow regulating passages,

By conlrolling the length of the slits and the Aexibility of the
film, water drips from the cutlets wheu the hose is pressur-
ized without clogging when the bose is depressurized. The
slits are sufficiently long and the film is sufficiently Bexible
sothcmwrdﬁpa&omthcouﬂetswhenlhahmis
pressurized. The slits arc sufficiently short and the film is
sufficiently rigid so the outlets close completely whe the
hose is

Another aspect of the invention is 2 method for making a
drip irmigation hose having longitudinal single slil outlets
and/or ialets. A first outlet and/or inlet forming wheel has
one or more knife blades on its peripbery. A second backing
wheel cogages the first wheel 1o establish a first nip ther-
ebetween, The backing whee! has on its periphery a circum-
ferential slot into which the kaife blade fits at the first nip.
A third rib forming whee! has aronnd its periphery impres-
sions that define a desired track patiern for the ribs. Asecond
nip is established with a third whee!l in whick the desired
track pattern is formed. The first and second wheels are
mounted on & common shaft to operate in synchronism. A
continuous strip of plastic film is directed in the following
path in the order recited. The film is wrapped around the
second wheel 10 reverss direction and pass into the first nip,
thereby forming (be outlet slits. The direction of the film is
reversad leaving the first nip to transport the film toward the
first wheel. The Gl is wrapped around a portion of the
periphery of the first wheel spaced latecally from the knife
blade 1o reverse direction. The direction of the film is
reversed o transport the film toward the third wheel, The
film is transported wader an extruder to deposit a bead of
molten plestic on tbe film before the third wheel. The film is
transported into the second nip to form the desired track in
the molten plastic. After the film lcaves the third whee), the
hose is finished. The described method forms the outlet slits
nnd the track pantera in a coordinated fashion. As a result, the
outlets are pot reatricted or plugged by (be riba.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of specific embodiments of the best mode
contemplated of carrying out the invention aze illustrated in
the drawings, in which:

FIG. 1 is a schematic block diegram of the method for
making 1 drip irrigation boss of the continzous emilter type;

FI1G. 2 is a schematic view of 1 portion of the film path for
making  drip irrigation hose in accordance with the inven-
tion; ’

FIG. 3 is a schematic view of a portion of the film path in
an altemative embodiment to the film path of FIG. 2; and

FIG. 4 is a side partizlly culaway view of a length of drip
irrigation hose incorporating the principals of the invention.

FIG. § is a schematic disgram of spparatus for completing
the manufacture of a drip irrigation hose following the
operations shown in FIG. 2.

DETAILED DESCRIPTION OF THE SPECIFIC
EMBODIMENT

The disclosares of U.S. Pat. Nos. 4,247,051, 4,964,739

and 5,123,984 arc incorporated fully herein by reference.
The drip irrigation hase of the invention is made from a
continnous strip of flexible, water impervious plastic fllm,

bl
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genorally ranging in Uhickneas between 4 and 15 mil. As
depicted by block 10 in FIG. 1, outlets and/or inlcts are
formed in the strip of film slong one margin. As described
in more detail below, cach cutlet and/or inlet comprises a
single longitudinal slil in the film. Next, as depicted by block
12, two molien plastic beads made of material compatible
with the film are deposited by an extruder on the margin of
the film on cither side of the outlet slita,

Nex, as depicted by block 14, the track pattem of the ribs
is formed in the molten beads by a tib forming wheel, The
track patiery is repeated cach time the rib {orming whes!
completes a revolution. As depicted by block 16, after the
ribs are formed, the margins of the film are overlapped to
position between them the track pattern. Finally, 28 depicted
by block 18, the overlapping margios aro scaled by the atill
moltea riba (o form the finished hose. The described steps,
except for formation of the outlets and/or inlets, arc shown
in more detail in the referenced *984 patent, Alternatively,
cither the inlets gr the outlews could be formed ax interrup-
tions in one of the ribs.

FIG. 2 illustrates the path of & continmous strip of film 38
from which the drip irrigation hose is made between the
formation of the outlets andfor inlets (block 10) and the
formation of the track pattern (block 14). Ao outlet forming
wheel 20 and a rib forming wheel 22 arc mounted oo a
common sbaft 24 to syachronize their operation. Wheels 20
and 22 have the same diameter. A backing wheel 26 cogages
outlet forming wheel 20 1o establish a nip 28 therebetween,
A knife blade 30 is mounted on the periphery of whee! 20,
Wheel 26 has a circumfercntiat slot 32 into which knifc
blade 30 fits a1 nip 28. Direction changing wheels 34 and 36
also define pant of the film path. Wheels 20, 22, 26, 34, and
36 have flanges to guide film 38 laterally during ths manu-
facturing operation.

Whesl 22 has, around its periphery, impressions that
define the desired wack pattern 24, for exarmple, onc of the
track patterns shown in the *051 patent or in the '739 patent.
The direction of movement of film 38 ia depicted by the
arrows fo FIG. 2, Film 38 is wrapped sround wheel 26 (o
reverse direction and pass into nrip 28, As a resuli, a slit is
foemed in film 38 each time blade 30 passcs into nip 28. A
slit is formed cach time wheel 20 completes one revolution.
Afer leaving whee 26, film 38 is wrapped around wheel 34
to reverse direction and return toward whee] 20, Film 38 is
wrapped arcund a portion of the periphery of whesl 20,
spaced laterally from kmife blade 39, to reverse direction,
After leaving wheel 20, film 38 is wrapped around wheel 36
{o reverse direction and move toward wheel 22, Wheel 36
could be canted slightly to provids a smooth transition in the
fim path between wheels 20 and 22, and the filen could twist
slightly between wheels 36 and 22. Between wheels 36 and
22, film 38 passes under an oxtruder 40 which deposits ons
o more rolten plastic beads on ope margin of film 38, Since
wheels 20 and 22 are mouated op & common shafl, the
formation of the outlets and the track pattem is coordinated
and their relative positioning is closely controlled. After
leaving wheel 22, fiim 38 is finished in the meanner ilus-
trated ip FIG. 8. More specifically, 2s film 38 appraachcs
extrudes 40, its inper margin is folded over and extruder 40
forms one of more beads 42 oo the exposed surface of the
inner margin of fitra 38, A backing wheel 60 nnderlics wheel
22, which has track pattem 24. Aftcr passage (brough the nip
formed by wheels 22 and 60, the outer margin of film 38 is
folded by a guide 62 to overlap the inner margin of film 38.
The folded film 38 then passes through the oip of & form
wheel 64 and a backing whes! 66, Form wheel 64 has
grocve 68 that depresses the beads to set the bead height at
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2 specified value. The value of the berd height determines
the fow rate of the hose, A finished bose 70 loaves the nip
between wheels 66 and 68. In a typical embodiment, the
diameters of wheels 20 and 22 would be about from 3 to 6
inches, the diameter of whee! 25 would be abowt 4 inches,
the diameters of wheels 34 snd 36 would be about 4 inches,
and the distance betweena wheels 22 and 36 would be about
24 inches.

If the inlets also comprise slits another knife blade is
mounted on the periphery of wheel 20 laterally spaced from
knife blade 30 a0d whee! 26 has another circumfecential sfot
laterally spaced from slot 32 into which the other knife blade
fits. The inlets 23 well as the outlets are formed as the
sespective knife blades pass into nip 28.

FIG. 3 iilustraics an aitornative film path arrangement that
permits wheels 20 ang 22 to have different diameters o that
the outlet spacing can be greater than the track pattern
length, which produces a skip i the outlet configuration.
Wheel 20 and 2 toathed wheel 50 are mounted on 2 shaft 52,
Whee] 22 and a toothed wheel 54 are mounted on a shaft 56.
A toothed belt 38 couples whoels 50 and 54 to synchronize
the rotation of wheels 20 and 22 in 3 mtio tp cause the
desired skip in the outlet spacing relative lo the track pattern
length, In shart loothed whecls 50 and 54 and toothed belt
58 replace shafi 24 in the embodiment of F1G. 2. The
diameters of wheels 20, 22, 50, and 34 are selected so the
angular velocity of wheel 22 is a multiple of the angular
velocity of wheei 28, depending upon the desired outlet skip,
As a result, {he same rib forming whee) 22 can be used 1o
produce & veriety of outlet spacings, i.e., skipped outlet
configurations.

In FIG. 4, the completed drip irrigstion bose is shown.
Strip 38 is bent along ils length to form an overlapping
longitudinal scam between an ictefior margin and an exte-
tior margin of the strip. Spaced apart, transverse ribs 42 and
43 exiend loogiludinally through the s¢am to comnect the
margios of strip 38, forming a scal aod a flow regulating
passage 44 therebetween. A water supply passage 43, having
a much larger cross-section area tben flow regulating pas-
sage 44 is defined by the remainder of strip 38. Longitudi-
nally spaced apart slits 46 in the portion of strip 38 between
supply passage 45 and fow reguiating passage 44 serve as
inlets to flow regulating passage 44, Longitudinally spaced
apart slits 47, formed in the exterior cargin of strip 38, scrve
a8 outlets from the hose, Slits 47 arc displaced from he
respective slits 46 to provide a substantial path length from
each inlet to 2 respective outlet. Preferably, crass ribs 48 arc
employed to divide the flow regulating passage into
scgments, such that slit 46 is at one end of the segment and
1 5lit 47 is at the other end of a segment. Altematively, the
inlets could be formed by interruptions in rib 42 as ilius-
teated in FIGS. 5 and 6 of the '051 patcot and as illustrated
in the 739 patenl, The shape of ribs 42, 43 and 48 are
deiermined by the track pattern on wheel 22 (FIG. 2),
Preferably, chevrons are formed on the adjacent interior
surfaces of ribs 42 and 43 to create turbulent Bow in the flow
reguiating passage as illustrated in the '739 patent.

By controlling the length of the slits and the flexibility of
the film, water drips from -the outlets when the hose is
pressurized without clogging when the bose is depressur-
ized. Typically, the line pressure of the water used for crop
irrigation ranges from about 4 psig to 14 peig. Sliis 47 are
sufficiently long and strip 38 is sufficicntly flexible so the
water drips from the outlets when the bose is pressurized,
nrather than squirting. The effective area of the outlets
remains small becausc the material on both sides of the slits
remain in the 5ame plape, rather than buckling, If the slits are
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too shon or the strip is too rigid, the material on either side
of the slits does not move sufficiently to make a large hole
when the hose is pressurized apd waler squirts out the hose
and crodes the soil. Slits 47 are sufficient short and strip 38
is sufficicntly rigid so the outlets closs completely when the
bose is depressurized. If the slits are too loag or the strip is
too flexible, the slits do not close when the hoss is depres-
surized. Typieally, the alits are about % inch for a 4 mil film
thickness and the slits are about % inch for a 15 mil film
thickaess. Thus, if the slits are much shorter than about %
inch for a 4 mil film thickneas or if the film is much thicker
than about 4 mil for a slit length of about % inch, the water
may squirt from the outkets. Similarly, if the alits arc much
looger thap about % inch for a 15 mil film thickness or if the
film is nruch thinner than about 15 mil for a slil length of
about % inch, the outlets may no! close after the hoss is
depressurized.

Despite the forcgoing, it has recently been discovered that
with a slit length of almost ope inch, the outlets still close
after (he bose is depressucized if the film is flexible encugh.

The described embodiment of the ioveation is only coa-
sidered o be prefemed and illustrative of the inventive
concept; the scope of the invention is not to be restricted to
such embodiments. Various and numerous other armnge-
ments may be devised by one sldlled in the ant without
departing from the spirit and scops of this ipveation.

What is clhaimed is;

1. A method for making drip irrigation hose comprising:

rotating an outlel forming wheel having a knifo blade on

its peripbery:

positioning a backing wheel to engage the outlet forming

wheel znd establish a nip, the backing wheel having a
circumfereatial slot into which the knifs blads fits as
the outlet forming wheel rotates;
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moving & strip of plastic film through the nip to form
single slit outlets repextedly along the strip a8 the knife
blade rotates;

forming on the strip an clongated flow regulaling passage;

and

forming inlets to the flow regulating passage that are

spaced from the oullets to form a substantia] path
Jength from cach inlet to a corresponding outlet,
wherein the outlets couple the flow rogulating passage
to the exterior of the hose.

2. The method of claim 1, wherein the strip of plastic flm
bas first and second margins, and wherein the method further
compriscs cverlapping and sealing the first and second
margins to form a tube from the strip of plastic film,

3. The method of claim 2, wherein the flow regulating
passage lies between the overlapping margins.

4. The method of claim 1, wherein the step of forming a
fow regulating passage overlaps and scals margins of the
strip between the inlets and the outlets, wherein the outlets
couple the flow rcgulating passage to the extericr of the
biose,

8. The method of claim 1, in which the cutlet forming
wheel is rotated such that the knife blade forms slits that
close completely when the bose is depressurized,

6. The method of claim 5, in which the strip is flexible,
additionally comprising partially wrapping the strip around
one of the wheels as the strip moves through the nip.

7. The method of claim 1, in which the strip is fexible,
additionally comprising partially wrapping the strip around
one of the wheels as the strip moves through the mip.
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